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(57) An electro-optical device having high operation 
performance and high reliability, and electronic equip- 
ment which include the electro-optical device, are pro- 
vided. A TFT structure that is strong against hot carrier 
injection is realized by placing an LDD region which 
overlaps a gate electrode in an n-channel TFT forming 
a driver circuit Furthemriore, a TFT structure having a 



low off current value is realized by placing LDD regions 
which do not overlap a gate electrode in a pixel TFT 
forming a pixel section. In addition, the electro-optical 
device has a memory section on the same insulator, the 
memory section having a memory transistor and storing 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an electro- 
optical device formed by a semiconductor elennent (an 
element using a semiconductor thin film) made over a 
substrate surface, and to electronic equipment (an elec- 
tronic device) having this electro-optical device. Typi- 
cally, the present invention relates to a liquid crystal 
display device or an EL display device in which a thin 
film transistor (hereinafter referred to as a TFT) is 
fonned over a substrate, and to electronic equipment 
having that kind of display device as a display (a display 
section). 

2. Description of the Related Art 

[0002] Techniques of manufacturing a TFT on a 
substrate have been greatiy advancing in recent years, 
and development of applications in active matrix type 
display devices is proceeding apace. In particular, a 
TFT using a polysilicon film has an electric field effect 
mobility (also called mobility) which is higher than that of 
a conventional TFT using an amorphous silicon film, 
and high speed operation is consequently possible. 
Therefore, it becomes possible to perfomri pixel control, 
which is conventionally carried out by a driver circuit 
outside of the substrate, by a driver circuit formed on the 
same substrate as the pixel. 

[0003] This type of active matrix display device has 
been in the spotiight because several kinds of advan- 
tages can be obtained by making various circuits and 
elements on the same substrate, such as: reduced 
manufacturing cost, miniaturization of the display 
device, an increase in yield, and an increase in through- 
put. 

[0004] However, circuits and elements having many 
functions are formed on the substrate of the active 
matrix display device. The performance of the TFTs 
required by the respective circuits and elements, there- 
fore, differs when forming the circuits and elements from 
TFTs. For example, a TFT having high speed operation 
is required by driver circuits such as a shift register cir- 
cuit, while a TFT with a sufficientiy low off current value 
(the drain current value flowing when the TFT is in the 
off operation state) is required by switching elements in 
a pixel section. 

[0005] In this case it becomes difficult to ensure the 
perfomriance required by all of the circuits and elements 
by TFTs having the same structure, and this affects seri- 
ously in raising the performance of the active matrix dis- 
play device. 

[0006] In addition, many circuits other than the 
above pixel and driver circuits are necessary when 
using the active matrix display device as a part of elec- 



tronic equipment In particular, the formation of a mem- 
ory section for temporarily recording image information 
on the same substrate is of great importance in expand- 
ing uses of the active matrix display device. 

5 

SUMMARY QFTHE INVENTION 

[0007] An object of the present invention is to pro- 
vide an electro-optteal device having high operation per- 

10 fonmance and reliability, in which a TFT, with a proper 
structure to obtain the performance required by circuits 
and elements formed of TFTs, is used in an active 
matrix type electro-optical device having a pixel section 
and a driver circuit section on the same substrate. 

IS [0008] Specifically, an object of the present inven- 
tion *ts to provide an electro-optical device having high 
operation performance and reliability, with proper TFT 
structures for a pixel section, a driver circuit section, and 
a memory section, respectively, formed on the same 

20 substrate. 

[0009] Another object of the present invention is to 
improve performance and to improve picture quality of a 
display device by adding a memory function to an active 
nr^trix type electro-optical device. In addition, another 

25 object of the present invention is to improve the quality 
of electronic equipment which uses the electro-optical 
device of the present invention as a display. 
[0010] According to a structure of the present 
invention, an electro-optical device comprising: 

30 

a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD 
region, is formed so as to overiap a gate electrode 
With a gate insulating film sandwiched therebe- 
35 tween; 

a pixel section having a pixel TFT in which an LDD 
region is formed so as not to overlap a gate elec- 
trode with the gate insulating film sandwtehed ther- 
ebetween; and 

40 a memory section having a memory transistor, is 
characterized in that 

the driver circuit section, the pixel section and the 
memory section are formed on the same insulator. 

45 [001 1 ] According to another structure of the present 
invention, an electro-optical device comprising: 

a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD 
50 region, is formed so as to overiap a gate electrode 
with a second gate insulating film sandwiched ther- 
ebetween; 

a pixel section having a pixel TFT in which an LDD 
region is formed so as not to overiap a gate elec- 
55 trode with the second gate insulating film sand- 
wiched therebetween; and 
a memory section having a memory transistor con- 
taining an active layer, a first gate insulating film, a 
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floating gate electrode, a third gate insulating filnn, 
and a control gate electrode, is characterized in that 
the driver circuit section, the pixel section and the 
memory section are formed on the same insulator. 

5 

[001 2] According to another structure of the present 
invention, an electro-optical device comprising: 

a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD io 
region, is formed so as to overlap a gate electrode 
with a second gate insulating film sandwiched ther- 
ebetween; 

a pixel section having a pixel TFT in which an LDD 
region is fbnmed so as not to overlap a gate elec- is 
trode with the second gate insulating film sand- 
wiched therebetween; and 

a memory section having a memory transistor con- 
taining an active layer, a first gate insulating film, a 
floating gate electrode, a third gate insulating film, 20 
and a control gate electrode, is characterized in that 
the driver circuit section, the pixel section and the 
memory section are formed on the same insulator, 
and in that 

the third gate insulating film covers the gate elec- 25 
trode of the n-channel TFT and the gate electrode 
of the pixel TFT. 



[001 3] According to another structure of the present 
invention, an electro-optical device comprising: 



30 



a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD 
region, is formed so as to overlap a gate electrode 
with a second gate insulating film sandwiched ther- 35 
ebetween; 

a pixel section having a pixel TFT in which an LDD 
region is formed so as not to overiap a gate elec- 
trode with the second gate insulating film sand- 
wiched therebetween; and ^ 
a memory section having a memory transistor con- 
taining an active layer, a first gate insulating film, a 
floating gate electrode, a third gate insulating film, 
and a control gate electrode, is characterized in that 
the driver circuit section, the pixel section and the 45 
memory section are formed on the same insulator, 
and in that 

fha fjQs^ng gate electrode, the Q9X*^ ^Iprtrnrlp nf thA 

n-channel TFT. and the gate electrode of the pixel 
TFT are made from the same material, and are cov- so 
ered by the third gate insulating film. 

[001 4] According to another structure of the present 
invention, an electro-optical device comprising: 



55 



a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD 
region, is formed so as to overiap a gate electrode 



.with a second gate insulating film sandwiched ther- 
ebetween; 

a pixel section having a pixel TFT in which an LDD 
region is formed so as not to overiap a gate elec- 
trode with the second gate insulating film sand- 
wiched therebetween; and 

a memory section having a memory transistor con- 
taining an active layer, a first gate insulating film, a 
floating gate electrode, a thircl gate insulating film, 
and a control gate electrode, is characterized in that 
the driver circuit section, the pixel section and the 
memory section are formed on the same insulator, 
and in that 

the third gate insulating film is an oxide of the mate- 
rial forming the floating gate electrode. 

[001 5] According to another structure of the present 
invention, an electro-optical device comprising: 

a driver circuit section having an n-channel TFT in 
which a portion of an LDD region, or the entire LDD 
region, is formed so as to overiap a gate electrode 
with a second gate insulating film sandwiched ther- 
ebetween; 

a pixel section having a pixel TFT in which an LDD 
region is formed so as not to overlap a gate elec- 
trode with the second gate insulating film sand- 
wiched therebetween; and 

a memory section having a memory transistor con- 
taining an active layer, a first gate insulating film, a 
floating gate electrode, a third gate insulating film, 
and a control gate electrode, is characterized in that 
the driver circuit section, the pixel section and the 
memolry section are formed on the same insulator, 
and in that 

the floating gate electrode, the gate electrode of the 
n-channel TFT, and the gate electrode of the pixel 
TFT are made from the same material, and the third 
gate insulating film is an oxide of the material form- 
ing the floating gate electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] I n the accompanying drawings: 

Fig. 1 is a diagram showing the structure of a pixel 
section, a driver circuit, and a memory section; 
Figs. 2A to 2E are diagrams showinq a process of 
manufacturing a pixel section, a driver circuit, and a 
memory section; 

Figs. 3A to 3E are diagrams showing the process of 
manufacturing the pixel section, the driver circuit, 
and the memory section; 

Figs, 4A to 4D are diagrams showing the process of 
manufacturing the pixel section, the driver circuit, 
and the memory section; 

Figs. 5A to 5C are diagrams showing the process of 
manufacturing the pixel section, the driver circuit. 
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and the memory section; 

Rg, 6 is a cross sectional structural diagram of an 
active matrix type liquid crystal display device; 
Rg. 7 is a perspective view of an active matrix t/pe 
liquid crystal display device; 
Rg. 8 is a diagram showing a driver circuit; 
Rgs. 9A and 9B are diagrams showing a pixel sec- 
tion; 

Rgs. 1 0A and 1 0B are diagrams showing the struc- 
ture of a pixel section, a driver circuit, and a mem- 
ory section; 

Rg. 1 1 is a diagram showing a pixel section; 
Rg. 1 2 is a diagram showing the structure of a pixel 
section, a driver circuit, and a memory section; 
Rgs. 13A and 138 are diagrams showing the struc- 
ture of a flash memory; 

Rgs. 14A and 148 are diagrams showing the struc- 
ture of a flash memory; 

Rg. 15 is a block diagram of an active matrix sub- 
strate; 

Rg. 1 6 is a block diagram of an acth/e matrix sub- 
strate; 

Rg. 1 7 is a diagram showing the stmcture of an 

active matrix type EL display device; 

Rgs. 1 8A and 1 SB are diagrams showing the top 

surface structure and the cross sectional structure, 

respectively, of an EL display device; 

Rg. 19 is a diagram showing the cross sectional 

structure of an EL display device; 

Rgs. 20A and 208 are diagrams showing the top 

surface structure of a pixel section of an EL display 

device; 

Rg. 21 is a diagram showing the cross sectional 
structure of an EL device; 

Rgs. 22A to 22C are diagrams showing the circuit 
structure of a pixel section of an EL display device; 
Rgs. 23A and 23B are diagrams showing the circuit 
structure of a pixel section of an EL display device; 
Rgs. 24A and 248 are diagrams showing the circuit 
structure of an EL display device; 
Rgs. 25A to 25F are diagrams showing examples 
of electronic equipment; 

Rgs. 26A to 26D are diagrams showing examples 
of electronic equipment; and 
Rgs. 27A and 278 are diagrams showing the struc- 
ture of an optical engine. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] An embodiment mode of the present inven- 
tion will be explained with reference to Rg. 1. Fig. 1 
shows a cross sectional diagram of an active matrix 
substrate (the TFT forming side of a substrate before 
liquid crystal or EL layer formation) in which a memory 
section, a driver circuit section, and a pixel section are 
formed on the same substrate (on the same insulating 
surface or on the same insulator). 



[0018] Note that the memory section is fonmed of a 
non-volatile memory, here an EEPROM (electrically 
erasable programmable read only memory), and an 
example of one memory transistor (also called memory 

5 cell transistor) formed in a memory cell is shown in Fig. 
1 . In practice, a multiple number of memory cells are 
integrated to form the memory section. 
[0019] It is preferable to use a flash memory (flash 
EEPROM), which has a high integration degree, in the 

70 present invention. Therefore, when there is no particular 
prohibiting limit placed on the non-volatile memory, 
flash memory is used as the non-volatile memory 
throughout this specification. Further, flash memory is a 
non-volatile memory which performs data erasure for 

15 each sector, but source wirings for each memory tran- 
sistor are made into a common line, and therefore 
referred to as a common source wiring throughout this 
specification. 

[0020] Furthemriore, a CMOS circuit is shown as a 

20 specific example of forming the driver circuit section. In 
practice, circuits such as a shift register, a level shifter, 
a latch, and a buffer are formed with the CMOS circuit 
as a basic circuit, and these circuits are integrated, 
fonning the driver circuit section. 

25 [0021] In addition, a pixel TFT and a capacitance 
storage are shown as a specific example forming the 
pixel section. In practice, the pixel TFT and the capaci- 
tance storage are formed for each of the multiple 
number of pixels arranged in a matrix state. 

30 [0022] In Fig. 1, reference numeral 101 denotes a 
substrate with high themrial resistance having an insu- 
lating surface. A quartz substrate, a silicon substrate, a 
ceramic substrate, or a metallic substrate may be used 
as the substrate 1 01 . Whichever substrate is used, a 

35 base film (preferably an insulating film containing sili- 
con) may be formed when necessary, forming the insu- 
lating surface. Note that, through this specification, 
"insulating film containing silicon" specifically indicates 
an insulating film containing a predetermined ratio of sil- 

40 icon, oxygen, or nitrogen, such as a silicon oxide film, a 
silicon nitride film, or an oxidized silicon nitride film 
(expressed as SiOxNy). 

[0023] Semiconductor elements 301 to 304 are 
then fonned on the substrate 101. An explanation of 
45 each of the semiconductor elements 301 to 304 is given 
here with reference to Fig. 1 . 

[0024] First, the semiconductor element (memory 
transistor) 301 is fonmed to have: an active layer con- 
taining a source region 102, a drain region 103. a low 

50 concentration impurity region (also called an LDD 
region) 104, and a channel forming region 105; a first 
gate nsulating film 106; a floating gate electrode 107; a 
third gate insulating film 1 1 ; a control gate electrode 
1 08; a common source wiring 1 09 formed through a first 

55 interlayer insulating film 12; and a bit wiring (drain wir- 
ing) 110. 

[0025] The source wiring 1 02 is a region for extract- 
ing the earner (electron) caught in the floating gate elec- 
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trode 107 to the common source wiring 109, and is also 
called an erasure region. Note that the LDD region 104 
is formed between the source wiring 102 and the chan- 
nel forming region 105 in Fig. 1, but it need not be 
formed. Further, the drain region 103 is a region for 
injecting the carrier into the electrically isolated floating 
gate electrode 107, and is also called a writing region. 
In addition, the drain region 103 functions as a reading 
region for reading out date stored in the memory tran- 
sistor 301 to the bit wiring 1 1 0. 

[0026] The drain region 1 03 is formed so as to over- 
lap the floating gate electrode 1 07 through the first gate 
insulating film 106. The length of overlap may be from 
0,1 to 0.5 jLim (preferably between 0.1 and 0.2 \im). An 
overlap greater than this is not desirable because the 
parasitic capacity becomes too large. Further, when 
capturing the cannier in the floating gate electrode 107, 
control Is performed by control gate electrode 108 
formed on the floating gate electrode 107 through the 
third gate insulating film 11. 

[0027] Note that it is necessary to make thin the 
insulating film for use as the first gate insulating film 1 06 
(film thickness from 3 to 20 nm, preferably between 5 
and 1 0 nm) to the extent that tunnel current (Fouler-Nor- 
dheim current) is allowed to flow, and therefore it is pref- 
erable to use an oxide film obtained by oxidation of the 
active layer (a silicon oxide film, provided that the active 
layer contains silicon). Of course the first gate insulating 
film can be formed by a vapor phase method such as 
CVD or sputtering, provided that the film thickness uni- 
formity and the film quality are good. 
[0028] Further, it is preferable to use an insulating 
film with a high specific dielectric constant as the third 
gate insulating film 1 1 , and although not shown in Fig. 1 , 
an insulating film made from a silicon oxide film / silicon 
nitride film / silicon oxide film laminate structure is used 
here. In this case, a portion of the third gate insulating 
film 1 1 contains a silicon nitride film, and therefore a 
passivation film effect of preventing penetration of 
mobile ions and moisture from the outside can be 
obtained for the other semiconductor elements 302 to 
304. Furthermore, it is also possible to use an oxide film 
obtained by oxidizing the floating gate electrode 1 07 (a 
tantalum oxide film, provided that the floating gate elec- 
trode is a tantalum film). 

[0029] Next, the semiconductor element (n-channel 
TFT) 302 which forms the CMOS circuit is fomned to 
have: an active layer containing a source regiun 1 12, a 
drain region 113, an LDD region 114, and a channel 
forming region 1 15; a second gate insulating film 13; a 
gate electrode 1 1 6; a source wiring 1 1 7; and a drain wir- 
ing 118. At this point the film thickness of the second 
gate insulating film 13 is set from 50 to 150 nm (prefer- 
ably between 80 and 120 nm), and one having a film 
thickness which is greater than the film thtekness of the 
first gate insulating film 1 06 used in the memory transis- 
tor 301 is used. 

[0030] The characteristics of the n-channel TFT are 



that the LDD region 114 is fomied between the drain 
region 1 1 3 and the channel fomiing region 1 1 5, and that 
the LDD region 114 overlaps the gate electrode 116 
through the second gate insulating film 13. This kind of 

5 structure is extremely effective in preventing deteriora- 
tion due to hot carrier injection. However, a parasitic 
capacity is undesirably fomied between the LDD region 
and the gate electrode, and therefore it is preferable not 
to form this between the source region 112 and the 

10 channel fomning region 115. 

[0031] Further, the length of the LDD region 1 14 at 
this time may be from 0.1 to 2 jxm (preferably between 
0.3 and 0.5 |iim). If it is too long, then the parasitic 
capacity becomes large, and if it is too short, then the 

15 prevention of deterioration due to hot carrier injection 
effect becomes weak. 

[0032] Next, the semiconductor element (p-channel 
TFT) 303 forming the CMOS circuit is fonned to have: 
an active layer containing a source region 120, a drain 

20 region 121, and a channel fomiing region 122; the sec- 
ond gate insulating film 13; a gate electrode 123; a 
source wiring 124; and the drain wiring 118. The same 
insulating film is used at this point for the second gate 
insulating film as that of the n-channel TFT 302, and the 

25 drain wiring is common with the n-channel TFT 302. 
[0033] Next, the semiconductor element (pixel TFT) 
304 fonming the pixel section is formed to have: an 
active layer containing a source region 126, a drain 
region 127. LDD regions 128a to 128d, channel forming 

30 regions 129a and 129b, and an impurity region 130; the 
second gate insulating film 13; gate electrodes 131a 
and 131b; a source wiring 132; and a drain wiring 133. 
[0034] At this point it is preferable to form the LDD 
regions 12&a to 128d in the pixel TFT 304 so that they 

35 do not overlap the gate electrodes 131a and 131b 
through the second gate insulating film 1 3. Note that it is 
additionally preferable to form an offset region between 
the channel forming regions and the LDD regions (a 
region which is formed of a semiconductor layer having 

40 the same composition as the channel forming region 
and to which a gate voltage is not applied). 
[0035] The structure used in the above n-channel 
TFT 302 is certainly effective as a measure against hot 
carriers, but on the other hand, a phenomenon in which 

45 the off current value (the value of the drain current when 
the TFT is in the off operation state) becomes large is 
seen. This phenomenon does not become much of a 
problem for the driver circLiitc (except for the sampiing 
circuit), but becomes a fatal fault for the pixel TFT. 

50 Therefore, a pixel TFT having a structure like that of Rg. 
1 is used in the present invention, reducing the value of 
the off current Further, the impurity region 130 is also 
extremely effective in reducing the off cun-ent value. 
[0036] A passivation film 14 which is common to all 

55 elements is formed on the pixel TFT, and a second inter- 
layer insulating film 15 is fomied on the passivation film 
14 from an insulating film with a high degree of even- 
ness, such as a resin film. A shielding film 134 from a 
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metallic film, an oxide 135 obtained by oxidizing the 
shielding film 134, and a pixel electrode 136 for con- 
necting to the pixel TFT 304 through a contact hole 
formed in the second interlayer insulating film are then 
formed on the second interlayer insulating film 15. 
[0037] Note that reference numeral 137 denotes a 
pixel electrode of another neighboring pixel, and that a 
capacitance storage 138 is formed by the overlap of the 
pixel electrode 136 and the shielding film 135, through 
the oxide 135. In other words, one of the characteristics 
of the structure shown in Fig. 1 that can be given is that 
the capacitance storage 138 functions as a light shield- 
ing film and an electric field shielding film. However, the 
present invention is not limited to the structure of the 
capacitance storage shown in Fig. 1 . 
[0038] By thus using appropriate structures, as 
above, which respond to the respective performance 
requirements of the memory transistor 301, the n-chan- 
nel TFT 302 forming the CMOS circuit, the p-channel 
TFT 303 fomiing the CMOS circuit, and the pixel TFT 
304, the operating performance and the reiiabil'rty of the 
active matrix display device are greatly increased. 
[0039] In addition, it is possible to form the nnemory 
section along with the driver circuit section and the pixel 
section on the same substrate without adding any com- 
plex steps, and therefore it becomes possible to fonn 
the active matrix display device with even higher capa- 
bilities than those of a conventional active matrix display 
device. 

[0040] Furthermore, signal processing circuits 
other than the above memory section, driver circuit sec- 
tion, and pixel section can also be formed. The following 
can be given as examples of other signal processing cir- 
cuits: a signal divider circuit, a D/A converter, a y com- 
pensation circuit, a voltage booster circuit, and a 
differential amplifier circuit. 

[0041] An even more detailed explanation of the 
present invention structured as above is made with 
embodiments shown below. 

Embodiment 1 

[0042] An embodiment of the present invention will 
be explained with reference to Figs. 2 A to 5C. In 
Embodiment 1. a method of manufacturing the follow- 
ing, at the same time on the same substrate, is 
explained: a pixel section, a driver circuit section to drive 
the pixel section, and a memory section for temporarily 
storing signal information to the pixel section. At com- 
pletion, an active matrix substrate having the structure 
shown in Fig. 1 is manufactured. 
[0043] In Fig. 2A, it is preferable to use a quartz 
substrate or a silicon substrate as a substrate 201. A 
quartz substrate is used in this embodiment. In addition, 
a metallic substrate having an insulating film on its sur- 
face may also be used. A thermal resistance capable of 
withstanding SOO^C or higher is required in Embodiment 
1 , and any type of substrate may be used, provided that 



it can satisfy this requirement 

[0044] A semiconductor film 202 containing an 
amorphous structure with a thickness of 20 to 100 nm 
(preferably between 40 and 80 nm) is formed on the sur- 

5 face of the substrate 201 , on which the TFTs are to be 
fonmed, by a method such as low pressure thermal 
CVD, plasma CVD, or sputtering. Note that although a 
60 nm thick amorphous silicon film is formed in Embod- 
iment 1, this film thickness is not the film thickness of 

10 the final TFT active layers because of a later oxidation 
step. 

[0045] An amorphous silicon film and a microcrys- 
talline semiconductor film exist as semiconductor films 
containing an amorphous structure, and a compound 

15 semiconductor film containing an amorphous structure, 
such as an amorphous silicon germanium film, may 
also be used. In addition, it is effective to form a base 
film and an amorphous silicon film on the substrate in 
succession, without exposure to the atmosphere. By 

20 doing so, it is possible to prevent contaminants on the 
surface of the substrate from influencing the amorphous 
silicon film, and fluctuation in the characteristics of the 
manufactured TFTs can be reduced. 
[0046] A mask film 203 is fomned next on the amor- 

25 phous silicon film 202 from an insulating film containing 
silicon, and openings 204a and 204b are formed by pat- 
terning. The openings become doped regions for the 
next crystallization step by being doped with a catalytic 
element which promotes crystallization. (See Fig. 2A.) 

30 [0047] Note that a silicon oxide film, a silicon nitride 
film, or a nitrided silicon oxide film can be used as the 
insulating film containing silicon. An nitrided silicon 
oxide film is an insulating film denoted by SIOxNy, and 
contains silicon, /nitrogen, and oxygen in predetermined 

35 amounts. It is possible to manufacture an nitrided silicon 
oxide film by using SiH4, N2O, and NH3 as raw material 
gasses, and the concentration of contained nitrogen 
can be changed with a 5 to 50 atomic% range. 
[0048] Further, at the same time that patterning of 

40 the mask film 203 is performed, a marker pattern, which 
becomes a standard for a later patterning step, is 
formed. The amorphous sificon film 202 is also slightly 
etched during the etching of the mask film 203, but this 
step difference can be used as the marker pattern dur- 

45 ing later mask alignment. 

[0049] A semiconductor film containing a crystalline 
structure is farmed next in accordance with the tech- 
nique disclosed in Japanese Patent Application Laid- 
open No. Hei 10-247735. The technique disclosed in 

so this publication is a means of crystallization using a cat- 
alytic element (a single or multiple number of elements 
chosen from among nickel, cobalt, germanium, tin, lead, 
palladium, iron, and copper) to promote crystallization 
when a semiconductor film containing an amorphous 

55 structure is crystallized. 

[0050] Specifically, heat treatment is performed 
while the catalytic element is maintained in the surface 
of the semiconductor film containing the amorphous 
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structure, and the semiconductor film containing the 
amorphous structure Is changed into a semiconductor 
film containing a crystailine structure. Note that the 
technique disclosed in Embodiment 1 of Japanese Pat- 
ent Application Laid-open No. Hei 7-130652 may also 
be used as a means of crystallization. Further, so-called 
single crystal semiconductor films and polycrystalline 
semiconductor films are both included in the term sem- 
iconductor film containing a crystalline structure, but the 
semiconductor film containing the crystalline structure 
formed in the above publication has grain boundaries. 
[0051] Note that spin coating is used in the above 
publication when forming a catalytic element containing 
layer on the masi< film, but a thin film containing the cat- 
alytic element may also be fomned by a deposition 
means using the vapor phase such as sputtering or 
evaporation. 

[0052] Furthermore, it is preferable to crystallize 
after hydrogen is sufficiently desorbed by performing 
heat treatment for approximately 1 hour, preferably at 
between 400 and 550°C, although it depends on the 
amount of hydrogen contained in the amorphous silicon 
film. In this case, it is desirable that the amount of con- 
tained hydrogen be reduced to 5 atomic% or less. 
[0053] The crystallization step consists of first per- 
forming heat treatment at 400 to 500°C for approxi- 
mately 1 hour, and then after hydrogen is desorbed from 
within the film, performing heat treatment at between 
500 and 650**C (preferably from 550 to 600°C) for 6 to 
16 hours (preferably between 8 and 14 hours). 
[0054] Nickel is used as the catalytic element in 
Embodiment 1, and heat treatment is perfonned for 14 
hours at 570**C. As a result, crystallization proceeds 
roughly in parallel with the substrate (the direction 
shown by the arrows) with the openings 204a and 204b 
as origins, and semiconductor films containing a crys- 
tailine structure in which the crystal growth directions 
are aligned macroscopically (crystalline silicon films in 
Embodiment 1) 205a to 205d are formed. (See Fig. 2B.) 
[0055] A gettering step for removing the nickel, 
used in the crystallization step, from the crystalline sili- 
con film is performed next. The previously formed mask 
film 203 is left as a mask and a periodic table group 15 
element (phosphorous in Embodiment 1) doping step is 
performed, forming phosphorous doped regions (here- 
after refen-ed to as gettering regions) 206a and 206b in 
the crystalline silicon film exposed at the openings 204a 



tion of between 1x10^^ and 1x1 0^° atoms/cm^. (See 
Fig. 2C,) 

[0056] Heat treatment step is then performed in a 
nitrogen atmosphere at 450 to 650°C (preferably from 
500 to 550**C) for 4 to 24 hours (preferably between 6 
and 12 hours). Nickel in the crystalline silicon film 
moves in the direction of the an^ws in this heat treat- 
ment step, and is captured in the gettering regions 206a 
and 206b by a gettering action of phosphorous. In other 
words, nickel is removed from within the crystalline sili- 



con film, and therefore the concentration of nickel con- 
tained in the crystalline silicon films 207a to 207d can 
be reduced to 1x10^^ atoms/cm^ or less, preferably to 
1x10^® atoms/cm^ or less, after gettering. 

5 [0057] The mask film 203 is then removed, and a 
protective film 208 is formed on the crystalline silicon 
films 207a to 207d for later impurity doping. A nitrided 
silicon oxide film or a silicon oxide film with a film thick- 
ness of 100 to 200 nm (preferably 130 to 170 nm) may 

10 be used as the protective film 208. The protective film 
208 is formed so that the crystalline silicon film is not 
exposed directly to the plasma during impurity doping, 
and so that fine concentration control is possible. 
[0058] Resist masks 209a and 209b are then 

IS formed, and an impurity element which imparts p-type 
conductivity (hereafter referred to as a p-type impurity 
element) is doped through the protective film 208. A 
periodic table group 13 element, typically boron or gal- 
lium, can be used as the p-type impurity element. This 

20 step (also referred to as a channel doping step) is one 
for controlling the TFT threshold voltage. Note that 
boron is doped in Embodiment 1 by ion doping using 
diborane (B2H6) plasma-excited instead of performing 
separation of mass. Of course, an ion implantation 

25 method which performs mass separation may also be 
used. 

[0059] Impurity regions 210a to 210c, containing 
the p-type impurity element (boron in Embodiment 1 )"at 
a concentration of between 1x10^^ and 1x10^® 

30 atoms/cm^ (typically from 5x1 0^® to 5x1 0^^ atoms/cm®), 
are thus formed in this step. Note that an impurity region 
containing a p-type impurity element in the above con- 
centration range (however, a region which does not con- 
tain phosphorous) is defined as a p-type impurity region 

35 (b) throughout this specification. (See Fig. 2D.) 

[0060] The resist masks 209a and 209b are next 
removed, and the crystalline silicon film is patterned, 
forming island shape semiconductor layers (hereafter 
referred to as active layers) 211 to 214. Note that by 

40 selectively doping nickel and then performing crystalli- 
zation, the active layers 21 1 to 214 are formed of crys- 
talline silicon films having extremely good crystallinity. 
Specifically, they have a crystal structure in which cylin- 
drical shape or cylindrical shape crystals are lined up 

45 with a specific directionality. Further, after crystalliza- 
tion, the nickel is either removed or reduced by the get- 
tering action, and the concentration of the catalytic 
element rema.lninG t^h^ pctivft layers 211 to 214 is 
1x1 0^^ atoms/cm^ or less, preferably 1x1 0^® atoms/cm^ 

50 or less. (See Fig. 2E.) 

[0061] The active layer 21 3 of a p-channel TFT is a 
region that does not contain the intentionally doped 
impurity element, and the active layers 211, 212, and 
214 of n-channel TFTs are p-type impurity regions (b). 

55 The active layers 21 1 to 214 in this state are defined as 
being completely intrinsic or essentially intrinsic 
throughout this specification. In other words, the regions 
in which the impurity element is Intentionally doped at a 
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level which does not hinder TFT operation may be con- 
sidered essentially intrinsic regions. 
[0082] A silicon containing insulating film is formed 
next by plasma CVD or sputtering to a thickness of 
between 10 and 100 nm. A 30 nm thick nitrided silicon 
oxide film is formed in Embodiment 1 . A laminate struc- 
ture may be used for the silicon containing insulating 
film. Patterning is then perfomned, leaving only the 
regions which become the driver circuit section and the 
pixel section, removing other regions, and exposing the 
active layer 211. 

[0063] A heat treatment step (a thermal oxidation 
step) is then performed under an oxidizing atmosphere 
at a temperature of 800 to 1 1SO'^C (preferably between 
900 and 1 000^) for between 1 5 minutes and 8 hours 
(preferably from 30 minutes to 2 hours). Heat treatment 
is performed in Embodiment 1 at QBO'^C for 80 minutes 
in an oxygen atmosphere which has a 3 volume% of 
hydrochloric acid added. Note that the boron doped by 
the step of Rg. 2D is activated during this thermal oxida- 
tion step. (See Fig. 3A.) 

[0064] Note that both a dry oxygen atmosphere and 
a wet oxygen atmosphere may be used as the oxidizing 
atmosphere, but a dry oxygen atmosphere is suitable in 
reducing crystal defects in the semiconductor film. Fur- 
thermore, an atmosphere containing a halogen element 
in an oxygen atmosphere is given in Embodiment 1 , but 
the thermal oxidation step may also be performed in a 
1 00 % oxygen atmosphere. 

[0065] A thennal oxide film (a silicon oxide film) 215 
with a film thickness of 3 to 20 nm (preferably from 5 to 
10 nm) is thus formed on the surface of the exposed 
active layer 21 1 . The thermal oxide film 215 ultimately 
becomes a first gate insulating film formed between a 
channel forming region and a floating gate electrode of 
a memory transistor. 

[0066] An oxidation reaction also proceeds at the 
same time in the interfaces between the silicon contain- 
ing insulating film 116 and the active layers 21 1 to 214 
below the film 116. Taking this into consideration, the 
film thickness of an insulating film 216 is regulated to 
have a final film thickness of from 50 to 150 nm (prefer- 
ably between 80 and 120 nm) in the present invention. 
The silicon containing insulating film 216 is uttimately a 
gate insulating film of TFTs forming the driver circuit 
section and the pixel section, and is also called a sec- 
ond gate insulating film. 

[0067] Further. 25 nm of the 60 nm thick active lay- 
ers become oxidized by the thermal oxidation step of 
Embodiment 1 , and the film thickness of the active lay- 
ers 211 to 214 becomes 45 nm. This is the final film 
thickness of the completed TFT active layers. Further- 
more, a 50 nm thtok thermal oxide film is added to the 
30 nm thick silicon containing insulating film, and there- 
fore the final film thickness of the second gate insulating 
film 216 becomes 1 1 0 nm. 

[0068] New resist masks 217a to 217c are formed 
next An impurity element which imparts n-type conduc- 



tivity (hereafter refen-ed to as an n-type impurity ele- 
ment) Is then doped, fomiing n-type presenting Impurity 
regions 218 and 219. Note that a periodic table group 
15 element, typically phosphorous or arsenic, can be 

5 used as the n-type Impurity element (See Rg. 3B.) 
[0069] The impurity regions 21 8 and 21 9 are impu- 
rity regions which later function as LDD regions in the 
memory transistor and the n-channel TFT of the CMOS 
circuit. Note that the n-type impurity element is con- 

10 tained at a concentration of between 2x1 0^® and 5x1 0^^ 
atoms/cm^ (typically from 5x1 0''^ to 6x1 0^® atoms/cm^) 
in the impurity regions formed here. An impurity region 
containing an n-type impurity element in the above con- 
centration range is defined as an n-type impurity region 

15 (b) throughout this specification. 

[0070] Note that phosphorous is doped at a con- 
centration of 1x10^® atoms/cm^ here by ion doping 
using phosphine (PH3) plasma-excited instead of per- 
forming mass separation. Of course, an ion implantation 

20 method which perfomis separation of mass may also be 
used. 

[0071] The film thicknesses of the gate insulating 
film in the region which becomes the memory transistor, 
and the region which becomes the n-channel TFT of the 

25 CMOS circuit, differs in this process. Therefore, the 
doping step may be performed by being divided into two 
steps. It is preferable to regulate the concentration pro- 
file in the depth direction during impurity doping so that 
phosphorous is doped into the regions denoted by refer- 

30 ence numerals 21 8 and 21 9 at nearly the same concen- 
tration. 

[0072] The resist masks 21 7a to 21 7c are removed 
next, and new resist masks 220a to 220c are formed. An 
n-type impurity element is then doped, forming n-type 
35 presenting impurity regions 221 and 222. Note that a 
periodic table group 15 element, typically phosphorous 
or arsenic, can be used as the n-type impurity element. 
(See Fig. 3C.) 

[0073] The impurity regions 221 and 222 are impu- 
40 rtty regions which later function as a source region and 
a drain region of the memory transistor. Note that the n- 
type impurity element is contained at a concentration of 
1 x1 0^^ and 1 x1 0^^ atoms/cm^ (typically from 2x1 0^° to 
5x1 0^^ atoms/cm^) in the impurity regions formed here, 
45 An impurity region containing an n-type impurity ele- 
ment in the above concentration range is defined as an 
n-type impurity region (a) throughout this specification. 
[0074] Note that phosphorous Is doped at a con- 
centration of 3x10^ atoms/cm^ here by ion doping 
50 using phosphine (PH3) plasma-excited instead of per- 
forming mass separation. Of course, an ion implantation 
method which performs mass separation may also be 
used. 

[0075] Heat treatment is performed next at 600 to 
55 1000*^0 (preferably between 700 and SOO^'C) in an inert 
atmosphere, activating the phosphorous doped in the 
step of Fig. 3B. Heat treatment is performed at 800''C 
for 1 hour in a nitrogen atmosphere in Embodiment 1. 
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(See Fig. 3D.) 

[0076] At this point it is possible to restore the crys- 
tallinlty of the active layers which has been damaged 
during phosphorous doping, and to restore the interface 
between the active layers and the gate insulating film at 
the same time. Furnace annealing using an electric fur- 
nace is preferable for the activation step, but light 
annealing such as lamp annealing or laser annealing 
may also be performed, and these can be performed in 
combination with furnace annealing. 
[0077] The boundaries of the n-type impurity region 

(a) 222, and the n-type impurity regions (b) 218 and 
219, namely the junctions with the intrinsic, or essen- 
tially intrinsic, regions (also including p-type impurity 
regions (b), of course) existing in the periphery of the n- 
type impurity region (a) and the n-type impurity regions 

(b) , are thus delineated in this step. This means that 
extremely good junctions are formed between the LDD 
regions and the channel forming regions when the TFTs 
are later completed. 

[0078] First gate electrodes 223 to 225, 226a, and 
226b are formed next with a thickness of between 200 
and 400 nm (preferably between 250 and 350 nm). First 
gate wirings for making electrical connections between 
the first gate electrodes are formed at the same time as 
the first gate electrodes 223 to 225, 226a, and 226b are 
formed. However, the first gate electrode 223 is not con- 
nected with any other gate electrode, and later functions 
as the floating gate electrode of the memory transistor. 
(See Fig. 3E.) 

[0079] In practice, a floating gate electrode is 
formed for all of the multiple number of memory transis- 
tors forming the memory section, and each is in an elec- 
trically isolated state, namely, a floating state. By doing 
so, this functions as an electric charge accumulation 
layer. 

[0080] An element chosen from among tantalum 
(Ta), titanium (Ti), molybdenum (Mo), tungsten (W), 
chromium (Cr), and silicon (Si), or a conductive film hav- 
ing one of the above elements as its principal constitu- 
ent (typically a tantalum nitride film a tungsten nitride 
film or a titanium nitride film), or an alloy film of a combi- 
nation of the above elements (typically an Mo-W alloy, 
an Mo-Ta alloy, or a tungsten silicide film) can be used 
as the material of the gate electrodes 223 to 225, 226a, 
and 226b. 

[0081 ] A 50 nm thick tantalum nitride (TaN) film, and 

^ i-Mv^'ft-kli /-r>»\ l«a«^i«ota<-l ^inH 
C*. ■ II I I I.I ii^i\. <.ui ikuit^i I • \ •«-•/ •••«•« w 

used in Embodiment 1 . Further, it is effective to fomi a 
silicon film with a thickness on the order of 2 to 20 nm 
under the first gate electrodes. The adhesion of the gate 
electrodes fonned thereon can be increased, and oxida- 
tion can be prevented by doing so. 
[0082] The gate electrode 223 formed in the mem- 
ory transistor is formed at this point so as to overiap the 
n-type impurity regions (a) 221 and 222, and a portion 
of the n-type impurity region (b) 218, through the gate 
insulating film 215. Furthemiore, the gate electrode 224 
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fonned in the n-channel TFT of the CMOS circuit is 
formed so as to overlap a portion of the n-type impurity 
region (b) 21 9 through the gate insulating film 216. Note 
that the gate electrodes 226a and 226b can be seen as 
5 two electrode in cross section, but they are actually 
electrically connected. 

[0083] Resist masks 227a and 227b are fonmed 
next, and a p-type impurity element (boron in Embodi- 
ment 1) is doped, forming Impurity regions 228 and 229 

10 containing a high concentration of boron. Boron is 
doped in Embodiment 1 to a concentration of 3x1 0^^ to 
3x1 0^^ atoms/cm^ (typically from 5x10^0 and 1x10^^ 
atoms/cm^) by ion doping (an ion implantation method 
may also be used, of course) using diborane (B2H6). An 

15 impurity region containing a p-type impurity element at 
the above concentration range is defined as a p-type 
impurity region (a) throughout this specification. (See 
Rg. 4A.) 

[0084] Note that the gate insulating film may be 

20 etched here with the resist masks 227a and 227b. and 
the gate electrode 225 as masks, exposing the active 
layer before doping the p-type impurity element. The 
acceleration voltage and the dose amount can be made 
smaller by doing so, and the throughput in this step can 

25 be increased. 

[0085] The resist masks 227a and 227b/ are 
removed next, and resist masks 230a to 230d .,are 
formed. An n-type impurity element (phosphorous in 
Enribodiment 1) is then doped, fomning impurity regions 

30 231 to 235 containing a high concentration of phospho- 
rous. This step may be performed similar to that of Fig. 
3C, and the phosphorous concentration may be set at 
1x10^° to IxlO^"" atoms/cm^ (typically between 2x10^° 
and 5x10^^ atoms/cm^). The impurity regions 231 to 

35 235 may, therefore, be called n-type impurity regions 
(a). (See Fig. 4B.) 

[0086] Further, phosphorous or boron doped by in 
the prior steps is already contained in the regions form- 
ing the impurity regions 231 to 235, but phosphorous is 
40 doped at a sufficiently high concentration, and therefore 
there is no influence imparted by the phosphorous or 
boron doped in the prior steps. 

[0087] Note that the gate insulating film may be 
etched here with the resist masks 230a to 230d, and the 
45 gate electrode 224 as masks, exposing the active layer 
before doping the n-type impurity element. The acceler- 
ation voltage and the dose amount can be made smaller 
by doin^ so, and the throughput In the step can be 
increased. 

50 [0088] The resist masks 230a to 230d are removed 
next, and an n-type impurity element (phosphorous in 
Embodiment 1) is doped in a self-aligning manner with 
the gate electrodes 223 to 225, 226a, and 226b as 
masks. The phosphorous is regulated and doped into 

55 impurity regions 236 to 239 thus fonned so that the 
regions have a concentration between one-tenth and 
one-half (typically between one-fourth and one-third), 
that of the above impurity regions (b). (However, the 
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phosphorous concentration is 5 to 1 0 times higher than 
the concentration of boron doped in the above channel 
doping step, representatively, from 1x10^® to 5x10^® 
atoms/cm^, typically between 3x10^^ and 3x10^® 
atoms/cm^.) An impurity region containing an n-type 
impurity element in the above concentration range 
(excluding p-type impurity regions, however) is defined 
as an n-type impurity region (c) throughout this specifi- 
cation. (See Fig. 4C.) 

[0089] Note that, with the exception of portions cov- 
ered by the gate electrodes, phosphorous is doped into 
all of the impurity regions at a concentration of 1 x1 0^^ to 
5x1 0^® atoms/cm^ in this step, but this does not have an 
influence on the function of each impurity region 
because of the extremely low concentration. Further, 
boron is doped into the n-channel impurity regions (b) 
236 to 239 at a concentration of 1x10^^ to 1x10^® 
atoms/cm^ in the previous channel doping step, but 
phosphorous is doped here at a concentration which is 
5 to 1 0 times that of boron contained in the p-type impu- 
rity regions (b), and therefore boron can be considered 
in this case as well to not have any influence on the 
function of the n-type impurity regions (b). 
[0090] Heat treatment is performed next in order to 
activate the n-type and p-type impurity elements doped 
at the respective concentrations. This step can be per- 
formed by furnace annealing, laser annealing, lamp 
annealing, or more than one of these used together. 
When furnace annealing is used, it may be performed in 
an inert atmosphere at between 500 and SOC^C, prefer- 
ably between 550 and 600°C. Heat treatment is per- 
formed for 4 hours at SSO^C in Embodiment 1 , activating 
the impurity elements. (See Fig. 4D.) 
[0091] Note that a laminate film of a tantalum nitride 
film and a tantalum film is used as the gate electrode 
material in Embodiment 1 , but that a tantalum film is 
extremely weak in terms of oxidation. It is necessary, 
therefore, to perform the activation step in an inert 
atmosphere which contains as little oxygen as possible. 
Specifically, it is preferable that an inert atmosphere 
with oxygen at 1 ppm or less (more preferably 0.1 ppm 
or less) be used. 

[0092] Heat treatment is perfonmed in Embodiment 
1 in a 1 00% nitrogen atmosphere at SSO'^C for 4 hours. 
When doing so, the substrate is placed inside a furnace 
at a temperature sufficiently low that oxidation does not 
proceed (between 1 00 and 200**C), and then after a suf- 
ficiently long period (30 minutes to 1 hour) of nitrogen 
purge, heat treatment is performed. Care is also taken 
when removing the substrate by exposing the substrate 
to the atmosphere only after the temperature inside the 
furnace has fallen to the above sufficiently low tempera- 
ture. 

[0093] By paying very close attention when per- 
forming heat treatment (the activation step), although 
the surface of the gate electrodes will become slightly 
nitrided, an oxidation reaction can be prevented, caus- 
ing no such inconvenience as to greatly increase the 



resistance do not develop. 

[0094] A third gate insulating film 240 is fomned 
next, covering the first gSLte electrodes 223 to 225, 226a, 
and 226b. Note that only the portion above the first gate 
5 electrode 223 actually functions as a gate insulating 
film, but for convenience of explanation, no naming dis- 
tinction is made. 

[0095] The third gate insulating film 240 may be 
formed by a known vapor phase method, and is fomned 

10 by low pressure themial CVD in Embodiment 1 in order 
to obtain a thin film with good film quality. Further, a 
three layer structure laminate film of a silicon nitride film 
sandwiched by silicon oxide films is used as the third 
gate insulating film in Embodiment 1. The total film 

15 thickness may be from 1 5 to 50 nm (preferably between 
20 and 40 nm). A silicon oxide film (film thickness 1 0 
nm) / silicon nitride film (film thickness 20 nm) / silicon 
oxide film (film thickness 10 nm) is used in Embodiment 
1 , but it is not necessary for the film to be limited to this, 

20 and it may be determined by considering the coupling 
coefficient. 

[0096] A second gate electrode (control gate elec- 
trode) 241 is then fomned in a position overiapping the 
first gate electrode 223 through the third gate insulating 

25 film 240. The second gate electrode 241 (control gate 
electrode) later functions as a control gate electrode of 
the memory transistor. The film thickness may be cho- 
sen in the range of 200 to 400 nm. (See Rg. 5A.) 
[0097] The same material as that used for the first 

30 gate electrode can be used as the material of the sec- 
ond gate electrode 241, but the temperature in subse- 
quent steps does not exceed a high of 450°C, and 
therefore any material may be used provided that It is a 
conductive film having heat resistance capable of with- 

35 standing that temperature. In particular, a metallic film 
containing low resistance aluminum or copper is prefer- 
able. 

[0098] A first intertayer insulating film 242 is formed 
next. An insulating film containing silicon may be used 

40 as the first interiayer insulating film 242, specifically, a 
silicon nitride film, a silicon oxide film, a nitrided silicon 
oxide film, or a laminate film of a combination of these 
films may be used. Further, the film thickness may be 
from 400 nm to 1.5 jim. In Embodiment 1, plasma CVD 

45 is used to form a 1 nm thick silicon oxide film. 

[0099] Heat treatment is performed next in an 
atmosphere containing 3 to 1 00% hydrogen at 300 to 
450**C for between 1 and 4 hours, hydrogenating the 
active layer. This step is one for terminating dangling 

50 bonds in the semiconductor layers by thermally acti- 
vated hydrogen. Plasma hydrogenation (a hydrogena- 
tion step using hydrogen activated by a plasma) may be 
performed as another means of hydrogenation. 
[0100] Contact holes are then formed to reach the 

55 source region or the drain region of the respective TFTs, 
and a common source wiring 243, a bit wiring 244, 
source wirings 245 to 247, and drain wirings 248 and 
249 are formed. Note that the drain wiring 248 is com- 
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mon between the n-channel TFT and the p-channel TFT 
In order to form the CMOS circuit. Further, although not 
shown in the figures, a three layer structure laminate 
film of a 200 nm Ti film, a 500 nm aluminum film contain- 
ing Ti, and a 100 nm TiN film fomned in succession by 
sputtering is used as these wirings in Embodiment 1. 
(See Fig. 5B.) 

[0101] In addition, an insulating film containing sili- 
con is formed to a thickness of 50 to 500 nm (typically 
between 200 and 300 nm) as a protective film (also 
refen-ed to as passivation film) 250 for protecting the 
TFT from external contamination. A 300 nm thick 
nitrided silicon oxide film is used in Embodiment 1 , and 
prior to forming the passivation film, plasma processing 
using a gas containing hydrogen such as H2 or NH3 is 
performed, and then the film is deposited. 
[0102] The hydrogen activated by the plasma in this 
pre-process is supplied throughout the first interiayer 
insulating film. By performing heat treatment (at a tem- 
perature of 300 to 420**C) in this state, along with 
improvements in the film quality of the passivation film 
250, the hydrogen doped into the first interiayer insulat- 
ing film diffuses to the lower layers, and the active layers 
can effectively be hydrogenated. 
[0103] Note that openings (not shown in the figure) 
may be formed in the passivation film 250 after the heat 
treatment step in locations at which contact holes for 
connecting to a pixel electrode and to the drain wiring 
are later fomned. Further, when performing this step, if 
the passivation film is removed from an image display 
region inside the pixel, then the amount of light transmit- 
ted in a transmission type liquid crystal display device is 
increased and a bright image can be obtained. 
[0104] A second interiayer insulating film 251 is 
formed next from an organic resin with a thickness of 
approximately 1 |im. Materials such as polyimide, 
acrylic, polyamide, polyimide amide, and BCB (benzo- 
cyclobutene) can be used as the organic resin. The fol- 
lowing can be given as the advantages of using an 
organic resin film: the film deposition method is simple; 
the specific dielectric constant is low, and therefore the 
parasitic capacity can be reduced; and super level ness. 
Note that organte resin films other than the ones stated 
above, and an organic-based SiO compound can also 
be used. A polyimide of the type that is thermally polynrv- 
erized after being applied to the substrate is used here, 
and this is burnt at 300*»C to form the second interiayer 

ilisulminy nim. 

[0105] Next, a shielding film 252 is fonned on the 
second interiayer insulating film 251 in the region which 
becomes the pixel section. Note that the tenri shielding 
film is used throughout this specification with the mean- 
ing of shielding from both light and electromagnetic 
waves. The shielding film 252 is fornied with a thickness 
of between 1 00 and 300 nm from a film made up from 
an element chosen from aluminum (Al), titanium (Ti), 
and tantalum (Ta), or from a film having one of these 
elements as its principal constituent. A 1 25 nm thick alu- 



minum film which contains 1 wt% titanium Is fomned in 
Embodiment 1 . 

[0106] Note that if a 5 to 50 nm insulating film such 
as a silicon oxide film is fomned on the second interiayer 

5 Insulating film 251 , then the adhesion of the shielding 
film formed on top of this can be increased. This effect 
is also obtained by using a conductive film such as tita- 
nium nitride\ Further, if plasma processing using CF4 
gas is performed on the surface of the second interiayer 

10 insulating film 251, formed from an organic resin, then 
the adhesion of the shielding film formed on the second 
interiayer insulating film 251 can be increased due to an 
improved quality surface. 

[0107] In addition, it is possible to form not only the 

IS shielding film, but also connecting lines using an alumi- 
num film containing titanium. For example, connecting 
wirings which connect circuits within the driver circuit 
can be fomned. In this case, however, before depositing 
the material which forms the shielding film or the con- 

20 nection lines, it is necessary to form contact holes 
ahead of time in the second interiayer insulating film. 
[0108] An oxide (anodic oxide) 253 is fomned next 
on the surface of the shielding film 252 by anodic oxida- 
tion or plasma oxidation (anodic oxidation is used in 

25 Embodiment 1) to a thickness of between 20 and 100 
nm (preferably between 30 and 50 nm). A film with alu- 
minum as its principal constituent is used in Embodi- 
ment 1 as the shielding film 252, and therefore"^ an 
aluminum oxide film (alumina film) is formed as the 

30 anodic oxide 253. 

[0109] When performing anodic oxide processing, 
an ethylene glycol tartrate solution is first manufactured. 
This is a solution in which a 15% aqueous solution of 
ammonium tartrate and ethylene glycol are mixed at a 

35 ratio of 2:8, and aqueous ammonia is added so that the 
pH is regulated to be 7 ± 0.5. A platinum electrode is 
then fomned in the solution as a cathode, the substrate 
on which the shielding film 252 has been fomned is 
immersed in the solution, and a constant direct current 

40 (from several mA to several tens of mA) is applied with 
the shielding film 252 as an anode. 
[0110] The voltage between the cathode and the 
anode in the solution changes with time in accordance 
with the growth of the anodic oxide. With a constant cur- 
45 rent, the voltage increases at a rate of 100 V/min, and 
the anodic oxidation processing is ended when the volt- 
age reaches an arrival voltage of 45 V. The anodic oxide 
253 c^n thus be form^ri with a thickness of approxi- 
mately 50 nm in the surface of the shielding film 252. 
50 Further, the film thickness of the shielding film 252 
becomes 90 nm as a result. 

[01 11] Note that the numerical values related to the 
anodic oxidation method shown here are only exam- 
ples, and that they naturally should be changed to opti- 
55 mal values depending upon factors such as the size of 
the element being manufactured. 
[0112] Furthermore, the structure here fonns the 
insulating film only in the surface of the shielding film by 
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using anodic oxidation, but the insulating film may also 
be formed by a vapor method such as plasma CVD, 
therrrral CVD, or sputtering. In that case as well, it is 
preferable that the film thickness be from 20 to 100 nm 
(even desirably between 30 and 50 nm). Further, a sili- 
con oxide film, a silicon nitride film, an nitrided silicon 
oxide film, a carbon film such as DLC (diamond like car- 
bon), and an organic resin film may also be used. In 
addition, a laminate film of a combination of these films 
may also be used. 

[0113] Next, contact holes are fomried in the second 
interlayer insulating film 251 and in the passivation film 
250 in order to reach the drain wiring 249. and a pixel 
electrode 254 is formed. Note that a pixel electrodes 
255 is a pixel electrode of a separate neighboring pixel. 
A transparent conductive film may be used for the pixel 
electrodes 254 and 255 when a transmission type liquid 
crystal display device is manufactured, and a metallic 
film may be used when a reflective type liquid crystal 
display device is manufactured. A transmission type liq- 
uid crystal display device is made here, and therefore 
an indium tin oxide (ITO) film, a compound film of indium 
oxide and tin oxide, with a thickness of 1 10 nm is formed 
by sputtering. 

[0114] Further, at this point the pixel electrode 254 
and the shielding film 252 overlap through the oxide 
253, forming a capacitance storage 256. Note that it is 
desirable to set the shielding film 252 to a floating state 
(an electrically isolated state) or to a fixed electric 
potential, preferably a common electric potential (the 
mid-point electric potential of the image signals sent as 
data). 

[01 1 5] The active matrix substrate having the mem- 
ory section, the driver circuit section, and the pixel sec- 
tion on the same substrate is thus completed. The 
active matrix substrate shown in Fig. 5C is the same 
stmcture as the active matrix substrate explained by 
Fig. 1. 

[0116] With the present invention, the structure of 
the TFTs forming each circuit or element is optimized in 
response to the perfonnance required by the memory 
section, the driver circuit section, and the pixel section, 
respectively, and the operation perfonmance of the elec- 
tro-optical device, and its reliability, can be increased. 
Specifically, a TFT structure which places importance 
on high operating speed or on hot carrier countermeas- 
ures is used in the driver circuit section, and a TFT 
structure which places importance on reducing the 
value of the off current is used in the pixel section. Fur- 
ther, a memory transistor is formed in the memory sec- 
tion while allowing only the minimum increase in 
number of the processing steps. 
[01 1 7] The case of an active matrix type liquid crys- 
tal display device is explained here with reference to 
Fig. 1. 

[0118] Rrst, a two layer gate structure TFT having 
the floating gate electrode 107 and the control gate 
electrode 108 is used as the memory transistor 301. 



The wrrte in operation of the memory transistor is per- 
formed by injection of a hot carrier, generated at the 
junction of the channel forming region 105 and the drain 
region 103, into the floating gate electrode 107. On the 

5 other hand, the erasing operation is performed by an FN 
(Fowler-Nordheim) current flowing between the floating 
gate electrode 1 07 and the source region 1 02. 
[0119] Further, the LDD region 104 is a buffer 
region to prevent an inter-band tunneling cun-ent 

10 between the source region 1 02 and the channel forming 
region 105. and is effective in increasing reliability and 
reducing current consumption. The length (width) of the 
LDD region 104 may be made between 0.1 and 2.0 pm, 
typically from 0.5 to 1 .5 jim. 

15 [0120] Furthermore, the n-channel TFT 302 is suit- 
able for driver circuits such as a shift register, a level 
shifter, or a buffer, which places importance on high 
speed operation. In other words, by forming the LDD 
region 114 so as to overiap the gate electrode only 

20 between the channel fomning region 115 and the drain 
region 113 while reducing resistive components as 
much as possible, this becomes a structure which takes 
measures against hot carriers. 

[0121] The reason that it is sufficient to fomn the 
25 LDD region only in the drain region side is that, for the 
case of the above driver circuits, the functions of the 
source region and the drain region do not change, and 
the carrier (electron) movement direction is fixed. How- 
ever, LDD regions sandwiching the channel forming 
30 region can be formed when necessary. In other words, 
it is possible to fonn the LDD regions between the 
source region and the channel forming region, and 
between the drain region and the channel forming 
region, respectively. Note that the length (width) of the 
35 LDD regions may be between 0.1 and 2.0 ^im, prefera- 
bly from 0.5 to 1 .5 jim. 

[0122] The pixel TFT 304 is suitable for the pixel 
section which places importance on low off current 
operation. In other words, by forming the LDD regions 

40 128a to 128d so as not to overlap the gate electrodes 
131a and 131b, low off current operation is realized. 
Further, by using an LDD region with an impurity con- 
centration lower than that of the LDD regions fonmed in 
the memory section and the driver circuit section, this 

45 becomes a structure with an even lower off cun'ent 
value. In addition, the impurity region 130 contributes 
greatly to reducing the off current value. 
[0123] Note tiiat the lengtti (width) of the LDD 
regions 1 28a and 1 28b formed in the pixel TFT 304 may 

50 be between 0.5 and 3.5 ^m, preferably from 2.0 to 2.5 
|im. 

[0124] Further, by using an alumina film which has 
a high specific dielectric constant of 7 to 9 as the dielec- 
tric of the capacitance storage in Embodiment 1 , it is 
55 possible to reduce the area occupied by the capaci- 
tance storage to form the desired capacitance. In addi- 
tion, by making the shielding film formed on the pixel 
TFT into one electrode of the capacitance storage, as in 
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Embodiment 1, the aperture ration of the image display 
section of the active matrix type liquid crystal display 

device can be increased. 

[0125] Note that it is not necessary for the present 
invention to be limited to the capacitance storage struc- 
ture shown in Embodiment 1 for the present Invention. 
For example, the capacitance storage structures shown 
in Japanese Patent Application No. Hei 9-316567» Jap- 
anese Patent Application No. Hei 9-273444 and Japa- 
nese Patent Application No. Hei 10-254097 can be 
used. 

Embodiment 2 

[0126] A case of manufacturing an active matrix 
type liquid crystal display device by performing a cell 
construction step on the active matrix substrate formed 
by Embodiment 1 (shown in Fig. 5C) is explained in 
embodiment 2 with reference to Fig. 6. 
[0127] An orientated film 601 is fomried for the sub- 
strate in the state of Fig, 5C, as shown in Rg. 6. A poly- 
imide film is used as the alignment film in embodiment 
2. Further, an opposite electrode 603 made of a trans- 
parent conductive film and an orientated film 604 are 
formed in an opposing substrate 602. Note that a color 
filter or a shielding film may be fomried in the opposing 
substrate when necessary. 

[0128] Next, after forming an orientated film, a rub- 
bing processing is performed, regulating the orientation 
so that the liquid crystal molecules possess a certain 
fixed pre-tilt angle. The active matrix substrate, on 
which the pixel section and the driver circuits are 
formed, and the opposing substrate are then joined 
together by a known cell construction step using a seal- 
ing material or spacers (both not shown in the figures). 
A liquid crystal 605 is then injected between both sub- 
strates, and a complete seal is provided by using an 
end-sealing material (not shown in the figures). A 
known liquid crystal material may be used for the liquid 
crystal. The active matrix type liquid crystal display 
device shown in Fig. 6 is thus completed. 
[0129] The structure of the active matrix type liquid 
crystal display device is explained using the perspective 
view of Fig. 7. The liquid crystal display device of the 
present invention has a pixel section 702, a source wir- 
ing driver circuit (image signal transmission circuit) 703, 
and a gate line driver circuit (scanning signal transmis- 
SiOm circLiit) 7C4 forrTicu on sn actiVc rriatrix Suosti'aic 
701. Note that reference numeral 707 denotes an 
opposing substrate fomried opposite the active matrix 
substrate. 

[0130] A multiple number of pixels containing the 
pixel TFT 304 shown in Fig. 1 are arranged in a matrix 
state in the pixel section 702. Further, the above pixel 
TFT is connected to the intersection of a source wiring 
extending from the source wiring driver circuit 703 and a 
gate wiring extending from the gate line driver circuit 
704. 
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[0131] An FPC (flexible printed circuit) 705 is con- 
nected to the active matrix substrate 701 , and a signal 
containing information such as an image signal and a 
clock signal is input to the liquid crystal display devtee. 

5 [0132] In addition, a memory section 706, in which 
the memory transistors 301 shown in Fig. 1 are inte- 
grated, is formed in the active matrix substrate 701 . The 
memory section 706 may be a non«volatile memory 
which integrates memory cells containing a selection 

10 transistor and a memory transistor in one cell. However, 
as the memory section 706, a flash memory in which 
the bit lines of a multiple number of memory transistors 
are made common is more suitable for high integration. 

IS Embodiment 3 

[0133] A shrft register, a level shifter, a buffer, and a 
sampling circuit (a sample and hold circuit) are typically 
included in the source line driver circuit 703 in the active 

20 matrix type liquid crystal display device shown in 
embodiment 2. This is an example of the case of analog 
signal processing, and when a digital signal Is proc- 
essed, a latch and a D/A converter are included as a 
substitute for the sampling circuit. Further, a shift regis- 

25 ter. a level shifter, and a buffer are included in the gate 
line driver circuit. 

[0134] The shift register has a driver voltage of 3.5 
to 1 6 V (typically 5 V or 1 0 V), and the structure shown 
by reference numeral 302 in Fig. 1 is suitable for the n- 

30 channel TFT used in the CMOS circuit fomning the shift 
register circuit. Further, the level shifter and the buffer 
have a high driver voltage between 1 4 V and 1 6V, and a 
CMOS circuit containing the n-channel TFT shown in 
Fig. 1 is stiitable for these circuits, similar to the shift 

35 register circuit. Note that in the case of a level sh'ifter^or 
a buffer, making the gate electrode into a multi-gate 
structure such as a double gate structure or a triple gate 
structure is effective in increasing the reliability of the 
circuit. 

40 [0135] However, the sampling circuit contained in 
the source line driver circuit has a driver voltage of 14 V 
to 16 V, but the source region and the drain region 
invert, and it is necessary to reduce the value of the off 
current. Therefore both hot carrier and low off current 

45 value countermeasures must be devised. 

[0136] The structure of an n-channel TFT 305 
shown in Fig. 8 is then used in Embodiment 3 as the 

SaiVipMMCJ CirOuiL. NOlb lIiihL ctlLiiuuyii uiiiy mi ii-uimnnei 

TFT is shown in Fig. 8, in practice it is preferable to com- 
50 bine an n-channel TFT and a p-channel TFT when form- 
ing the sampling circuit, making a large current easier to 
flow. 

[0137] The structure of an n-channel TFT used in 
the sampling circuit has: an active layer containing a 
55 source region 21 , a drain region 22, LDD regions 23a 
and 23b, and a channel forming region 24; a second 
gate insulating film 13; a gate electrode 25; a source 
wiring 26; and a drain wiring 27. Note that the source 
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region and the drain region (or the source wiring and the 
drain wiring) invert depe^-Jing upon the operation. 
[0138] The most innportant characteristics of the n- 
channel TFT 305 are that the LDD regions 23a and 23b 
are formed sandwiching the channel fomiing region 24, 
and that the LDD regions have regions which overiap, 
and regions which do not overlap, the gate electrode 26 
through the second gate insulating film 13. 
[0139] In other words, of the LDD regions 23a and 
23b, the region which overlaps the gate electrode 25 
reduces deterioration due to hot carrier injection, similar 
to the LDD region 11 4 of the n-channel TFT 302 shown 
in Fig. 1 . Further, of the LDD regions 23a and 23b, the 
region which does not overlap the gate electrode 25 
reduces the off cun'ent value, similar to the LDD regions 
128a to 128d of the pixel TFT 304 shown in Fig. 1 . 
[0140] By using the n-channel TFT having the 
above structure in a sampling circuit, deterioration due 
to hot can-iers can be reduced, and low off current value 
switching operation can be performed. At this point, the 
length (width) of the LDD region which overiapsthe gate 
electrode may be made between 0.3 and 3.0 \m, typi- 
cally from 0.5 to 1.5 ^m. and that the length (width) of 
the LDD region which does not overiap the gate elec- 
trode may be made between 1 .0 and 3.5 mjti, typically 
from 1.5 to 2.0 Jim, 

[0141] Note that the structure of the n-channel TFT 
305 shown in embodiment 3 can be formed in accord- 
ance with the steps shown in Figs. 2A to 5C without 
adding any special steps. Further, it is effective to use 
the structure of Embodiment 3 in the sampling circuit of 
the active matrix type liquid crystal display device 
shown in embodiment 2. 

Embodiment 4 

[0142] The active layer (especially the channel 
forming region) of a TFT manufactured in accordance 
with Embodiment 1 is formed by a crystalline silicon film 
having a unique crystal structure in which the crystal lat- 
tice possesses continuity. Japanese Patent Application 
No. Hei 1 0-044659, Japanese Patent Application No. 
Hei 10-152316, Japanese Patent Application No. Hei 
10-152308, and Japanese Patent Application No. Hei 
10-152305, submitted by the applicant of the present 
invention, may be referred to for the details relating to 
this type of crystalline silicon film. An explanation is 
made below of an outline of crystal structure character- 
istics investigated experimentally by the applicant of the 
present invention. Note that the characteristics are in 
agreement with the characteristics of the semiconductor 
film forming the active layer of a TFT completed in 
accordance with embodiment 4. 
[0143] Looking microscopically at the above crys- 
talline silicon film, one finds a crystal structure consist- 
ing of multiple needle shape or cylindrical shape 
crystals. This can easily be confirmed by observation 
using a TEM (transmission electron microscopy). 



[0144] Further, many {110) planes can be verified 
on the surface of the crystalline silicon film by using 
electron diffraction. This can easily be verified because 
if an electron diffraction photograph is analyzed, a dif- 

5 fraction spot corresponding to the {110} plane clearly 
appears. Further, the diffraction spot can be verified to 
have a distribution (spread) of ±1 on a concentric circle. 
[0145] Further, if the orientation ratio is computed 
using x-ray diffraction (strictly, x-ray diffraction using ae 

10 - 26 method), it can be confirmed that the orientation 
ratio of the {220} plane is 0.7 or greater (typically 0.85 or 
greater). Note that the method disclosed in Japanese 
Patent Application Laid-open No. Hei 7-321339 is used 
for the computation of the orientation ratio. 

15 [0146] Furthermore, if the grain boundaries formed 
by each of the contacting cylindrical-shape crystals are 
observed using an HR-TEM (high resolution transmis- 
sion electron microscopy), it can be verified that the 
crystal lattice in the grain boundaries has continuity. 

20 This can easily be verified by the continuous connection 
of the observed lattice stripes in the grain boundaries. 
[0147] Note that the continuity of the lattice in the 
grain boundaries originates in the fact that the grain 
boundaries are "planar shape grain boundaries". The 

25 definition of planar shape boundaries in this specifica- 
tion agrees with "planar boundary" in "Characterization 
of High-Efficiency Cast-Si Solar Cell Wafers by MBIC 
Measurement", Ryuichi Shimokawa and Yutaka Hay- 
ashi, Japanese Journal of Applied Physics vol. 27, no. 

30 5, pp. 751-8, 1988. 

[0148] According to the above paper, the planar 
boundaries includes twin crystal grain boundaries, spe- 
cial stacking faults, special twist grain boundaries, etc. 
This planar boundary possesses a characteristic in that 

35 it is not active electrically. Namely, the boundaries can 
essentially be seen as non-existent because they do not 
function as a trap that obstructs the movement of a car- 
rier. 

[0149] Particularly for cases in which the crystal 

4o axis (the axis perpendicular to the crystal plane) is the 
(110) axis, {211} twin crystal grain boundaries can be 
called grain boundaries corresponding to £ 3. The Z 
value is a parameter that indicates the degree of align- 
ment in corresponding grain boundaries, and it is known 

45 that smaller Z values signify good grain boundary 
matching. For example, in the grain boundary between 
two crystals, for the case where both crystals have a 
(110) plane orientation, if the lattice stripe con'espond- 
ing to the {111} plane has an angle e, then when 

50 6=70.5'' .the grain boundaries coaespond to Z 3. 

[0150] In the crystalline silicon film obtained by 
implementing embodiment 4, if the crystal boundaries 
fomned between two crystals with a crystal axis of (1 1 0> 
is observed by HR-TEM, then there are many which are 

55 continuous with an angle of approximately 70.5'' 
between neighboring grain lattice stripes. Therefore, it 
can be surmised that the grain boundaries correspond 
to L 3 boundaries, namely that they are {21 1 } twin grain 
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boundaries. 

[0151] If a TEM is used to observe in detail the 
actual crystalline semiconductor film of embodiment 4, 
it can be surmised that most of the crystal grain bound- 
aries (more than 90%. typically more than 95%) are 
grain boundaries corresponding to Z 3, In other words, 
they are {211} twin grain boundaries. 
[0152] This type of crystal structure (literally, grain 
boundary structure) shows that two different grains are 
joined together with very good alignment in the grain 
boundaries. Namely, a crystal structure in which the 
crystal lattice has continuity in the grain boundaries, and 
in which a trap caused by crystal defects, etc. is hardly 
formed. Therefore tt is possible to regard semiconductor 
thin films having this type of crystal structure as ones in 
which grain boundaries do not exist essentially. 
[0153] In addition, it has been verified by TEM that 
defects within the grain boundaries almost completely 
disappear with a heat treatment step at a high tempera- 
ture of 800 to nSO^'C. It is evident that there is a large 
decrease in the number of defects such as stacking 
faults around this heat treatment step. 
[0154] The difference in the number of defects 
appears as the difference in spin density through elec- 
tron spin resonance (ESR) analysis. At present, the 
crystalline silicon film in this embodiment is shown to 
have a spin density of at most 5x1 0^^ spins/cm^ or less 
(preferably 3x10^^ spins/cm^ or less). However, the 
measured value is near the detection limits of the 
present measuring equipment, and it is expected that 
the real spin density is even lower 
[0155] From the above, it can be considered that 
the crystalline silicon film formed in accordance with 
Embodiment 1 is a single crystal silicon film, or an 
essentially single crystal silicon film, because defects in 
grain boundaries are extremely small in number and it 
can be considered that grain boundaries essentially do 
not exist. 

Embodiment 5 

[0156] By placing a fixed electric potential on the 
electrode not connected to the pixel electrode (for the 
present invention, the shielding film), a capacitance 
storage can be formed in each pixel of the pixel section. 
In this case, it is preferable to set the shielding film to a 
floating state (an electrically isolated state) or to a com- 
•^Qr% QjA^tKiQ p^tAnftaj /tho tpt^rrn^dl^.te s^f^f^nf^- poten- 
tial of the image signal sent as data). 
[0157] Figs. 9A and 9B are then used in Embodi- 
ment 5 to explain a connection method for the case of 
setting the shielding film to a fixed electric potential. 
Note that the basic structure is the same as the pixel 
section explained by Fig. 1, and therefore this explana- 
tion is made using the same symbols in the same por- 
tions. 

[0158] In Fig. 9A, reference numeral 304 denotes a 
pixel TFT (n-channel TFT) manufactured in a manner 



similar to that of Embodiment 1 , and reference numeral 
134* denotes a shielding film functioning as one elec- 
trode of a capacitance storage. A shielding film 901 
extending to the outside of the pixel section is con- 
5 nected to a current supply line 903, which provides a 
common electric potential, through a contact hole 902 
fomned in the second interlayer insulating film 15 and 
the passivation film 14. Therefore, before forming the 
shielding film 901 in this case, a step of forming contact 
10 holes by etching the second interlayer insulating film 15 
and the passivation film 14 is necessary. The electric 
current supply line 903 may be formed at the same time 
as the source wiring or the drain wiring. 
[0159] By thus electrically connecting the shielding 
IS film 901 and the electric current supply line 903, which 
provides a common electric potential, outside of the 
pixel section, the shielding film 134 can be maintained 
at the common electric potential. 
[0160] Next, in Fig. 98 reference numeral 304 
20 denotes a pixel TFT manufactured in a manner similar 
to that of Embodiment 1, and reference numeral 134 
denotes a shielding film functioning as one electrode of 
a capacitance storage. A shielding film 904 extending to 
the outside of the pixel section overlaps with a conduc- 
es tive film 906, through an oxide 907, in the region shown 
by reference numeral 905. The conductive film 906 is 
fomned at the same time as the pixel electrode 136, and 
the oxide 907 is formed at the same time as the oxide 
135. 

30 [01 61 1 The conductive film 906 is then connected to 
a current supply line 909, which provides a common 
electric potential, through a contact hole 908 formed in 
the second interiayer insulating film 15 and the passiva- 
tion film 14: A capacitor Is formed in the region 905 at 

35 this point from the shielding film 904, the oxide 907, and 
the conductive film 906. When the capacity of this 
capacitor is sufficiently large (when it is on the order of 
10 times the total capacity of all the capacitance stor- 
ages connected to all of the pixels in one scanning line), 

40 then the electric potential fluctuations of the shielding 
films 904 and 134 can be reduced by the static couple 
formed in the region 905. 

[0162] Further, when the structure of Fig. 98 is 
employed, it is preferable to employ a source line inver- 

45 sion driving as the driving method of the active matrix 
type liquid crystal display device. If a source line inver- 
sion driving is used, then the polarity of the voltage 
applied to the pixel electrode inverts for each frame, and 
therefore the time averaged amount of electric charge 

50 that is accumulated in the shielding film is nearly zero. In 
other words, a state of extremely small electric potential 
fluctuations can be maintained, and therefore a stable 
capacitance storage can be formed. 
[0163] By thus employing the structure of Fig. 9B, it 

55 becomes possible to maintain the shielding film at the 
common electric potential without increasing the 
number of steps. 

[01 64] Note that it is possible to realize the constitu- 



15 



29 



EP 1 045 447 A2 



30 



tion of Embodiment 5 by changing only a portion of the 
manufacturing steps of Embodiment 1, and that other 
steps may be the same as those of EmlDodiment 1 . 
Therefore, it is possible to apply Embodiment 5 to the 
active matnx type liquid crystal display device shown in 
embodiment 2. Further, it is possible to freely combine 
the constitution of Embodiment 5 with the constitutions 
shown In either Embodiment 3 or Embodiment 4. 

Embodiment 6 

[0165] A case of manufacturing an active matrix 
substrate having a structure which differs from that of 
Fig. 1 is explained in Embodiment 6. Rgs. 10A and 10B 
are used in the explanation. Note that Embodiment 6 is 
an example of changing a portion of the structure 
shown in Fig. 1. and therefore the same symbols as in 
Rg. 1 are used in the same parts. Further, portions 
which are not changed correspond to those of Fig. 1 . 
and therefore that explanation is omitted. 
[0166] Rrst. an oxide 31 is used as a third gate 
insulating film for the active matrix substrate shown in 
Fig. 10A. The oxide 31 is an oxide film obtained by oxi- 
dizing the floating gate electrode 107. and is a tantalum 
oxide film in Embodiment 6. Thermal oxidation, anodic 
oxidation, or plasma oxidation may be used as the oxi- 
dation method, but it is preferable to use thermal oxida- 
tion in order to make the film quality good. Further, the 
film thickness formed may be made the same as that of 
Embodiment 1 , from 3 to 20 nm (preferably between 5 
and 10 nm). 

[0167] Note that oxides 32. 33. 34a and 34b are 
also fonned at the same time on the surfaces of the 
respective TFT gate electrodes 116, 123, 131a, and 
1 31 b formed in the driver circuit section and in the pixel 
section. However, it is possible to form the oxide only on 
the floating gate electrode of the memory transistor by 
masking the driver circuit section or the pixel section 
and then performing oxidation step. Of course, if anodic 
oxidation is used, then the oxide can selectively be 
formed by selectively flowing an electric current only in 
the floating gate electrode. 

[0168] Further, it is preferable to perfonn this oxida- 
tion step between the steps of Fig. 4B and the steps of 
Fig. 4C. This is because by performing the steps of Fig. 
4C with the surfaces of the gate electrodes 131a and 
1 31 b in a state covered by the oxides 34a and 34b, off- 
set regions 35a to 35d as shown in Rg. 1 1 can be 
formed. Note that Fig. 11 is an expanded cross sec- 
tional diagram of a portion (near the drain region) of the 
pixel TFT shown in Fig. 10A. 

[0169] In this case, the offset regions 35a and 35b 
exist between the channel forming regions 129a and 
129b and the LDD regions 128a to 128d formed from 
the n-type impurity regions (c). The length of the offset 
regions 35a and 35b nearly agrees with the film thick- 
ness of the oxides 34a and 34b (strictly speaking, this 
film thickness is the film thickness of the portion formed 



in the side wall of the gate electrode). 
[01 70] However, the length of the offset regions 35a 
and 35b of course becomes shorter than the film thick- 
ness of the oxides 34a and 34b due to wraparound dur- 

5 ing the doping of phosphorous. 

[0171] The length of the offset regions 35a and 35b 
is either zero or between 1 and 200 nm (preferably from 
20 to 100 nm, even better between 30 and 70 nm) for 
the present invention. This length can be controlled by 

10 the film thickness of the oxides 34a and 34b. 

[0172] It is possible to set a pixel TFT having the 
structure shown in Fig. 1 0A to an extremely low value. 
Namely, when a TFT has a voltage of 14 V between the 
source and drain, and a gate voltage of -1 7.5 V, and is 

IS completely in off operation, then an off current value of 
5 pA or lower (preferably 1 pA or lower) can be 
achieved. 

[0173] Further, the structure of Fig. 1 0B resembles 
that of Rg. 1 0A, but it is characterized in that a control 

20 gate electrode 36 is formed at the same time as the 
source wiring 109 and the drain wiring 110. This type of 
structure can be realized by fonming openings on the 
top of the floating gate electrode 1 07 when forming con- 
tact holes for connecting the source wiring to the drain 

25 wiring (or connecting the drain wiring to the drain 
region). 

[0174] Note that for the formation of the openings, 
the higher the etching selectivity with the first interiayer 
insulating film 12 and the third gate insulating film 31, 

30 the better. 

[0175] Furthermore, offset regions 35a and 35b 
exist in the pixel TFT between the channel forming 
regions 129a and 129b and the LDD regions 128a to 
128d formed frcrm n-type impurity regions (c). similar to 

35 Fig. lOA. An explanation of the effectiveness of the off- 
set regions has already been made for Fig. 10A, and is 
therefore omitted here.- 

[01 76] Note that it is possible to implement the con- 
stitution of Embodiment 6 by simply substituting the 
40 third gate insulating film 240 deposition step in Embodi- 
ment 1 with a thermal oxidation step, an anodic oxida- 
tion step, or a plasma oxidation step. It is possible to 
freely combine the constitution of Embodiment 6 with 
the constitutions of any of embodiments 2 to 5. 

45 

Embodiment 7 

[0177] A case of manufacturing an active matrix 
substrate having a structure which differs from that of 

50 Fig. 1 is explained in Embodiment 7. Fig. 12 is used in 
the explanation. Note that Embodiment 7 is an example 
of changing a portion of the structure shown in Fig. 1 , 
and therefore the same symbols as in Fig. 1 are used in 
the same parts. Further, portions whteh are not 

55 changed correspond to those of Fig. 1 , and therefore 
that explanation is omitted. 

[0178] An insulating film 1201 formed by low pres- 
sure thermal CVD is used as the first gate insulating film 
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In the active matrix substrate shown In Rg. 12. In 
Embodiment 7. SIH4 gas (flow rate 0.3 x 1 0"^ m^/s) and 
N2O gas (flow rate 1 .5 x 1 0'^ m^/s) are used as the dep- 
osition gasses, and film deposition may be performed at 
a deposition temperature of 800°C and a deposition 5 
pressure of 40 Pa. Further, the film thickness may be 
made the same as in Embodiment 1 , from 3 to 20 nm 
(preferably between 5 and 10 nm). Of course, the same 
thermal oxidation step as in Embodiment 1 may be per- 
formed after deposition of the first gate insulating film 10 
1201. 

[0179] When implementing Embodiment 7, the lam- 
inate film of the second gate insulating film 13 and the 
first gate insulating film 1201 in the pixel section (also 
including the thermal oxide film if the above themial oxi- is 
dation step is performed) functions as a gate insulating 
film. 

[0180] Note that, except for the addition of the first 
gate insulating film 1201 deposition step to Embodiment 
1 , there are no particular steps which must be changed, 20 
and therefore Embodiment 7 may be readily imple- 
mented with reference to Embodiment 1 . Further, it is 
possible to implement the constitution of Embodiment 7 
by freely combining it with the constitution of any of 
embodiments 2 to 6. 

Embodiment 8 

[0181] It is also possible to implement the present 
invention in the case where glass or plastic is used as 30 
the substrate. Of course, in this case the TFTs must be 
formed considering the heat resistance of the substrate 
made of glass or plastic. 

[0182] Preferably, the semiconductor film which 
becomes an active layer is formed by performing crys- 3S 
tallization of an amorphous semiconductor film by using 
a laser crystallization technique, or by using a solid 
state growth technique (thermal crystallization tech- 
nique) together with the laser crystallization technique. 
If the laser crystallization technique is used, the crystal- 40 
line semiconductor film can be formed even on a plastic 
substrate or a plastic film. 

[0183] Further, a first gate insulating film, a second 
gate insulating film, and a third gate insulating film are 
formed by plasma CVD or sputtering. In particular, it is 45 
desirable to use ECR (electron cyclotron resonance) 
plasma CVD or remote plasma CVD because along 
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high quality insulating film can be formed. 
[0184] Note that, except for the change in the for- so 
mation step of the first gate insulating film, the second 
insulating film, and the third insulating film in Embodi- 
ment 1 , there are no particular steps which must be 
changed, and therefore it is possible to implement 
Embodiment 8 with reference to Embodiment 1. Fur- ss 
ther, it is possible to implement the constitution of 
Embodiment 8 by freely combining it with the constitu- 
tion of any of embodiments 2 to 6. 



gmbodiment 9 

[0185] A circuit structure of a non-volatile memory, 
which can form the memory section in the present 
Invention, is explained in Embodiment 9. Specifically, an 
explanation is made using Figs. 13A and 13B of the use 
of an NOR type flash memory as a memory section 706 
in the liquid crystal display device (liquid crystal module) 
shown in Fig. 7. Note that only two sectors of four mem- 
ory transistors connected in parallel are shown in Figs. 
1 3A and 1 3B, but it is not necessary to limit the structure 
to this. 

[0186] In Fig. 1 3A, four memory transistors 42 to 45 
are connected to a bit wiring 41 denoted by reference 
numeral B1 . Reference numeral B2 is similar. Further, 
the respective memory transistors 42 to 45 are control- 
led by word wirings 47 to 50. denoted by reference 
numerals W1 to W4, as control gate electrodes. 
[0187] Note that throughout this specification, the 
region of the word wirings which overlaps an active 
layer of a TFT, in particular, is referred to as a control 
gate electrode. Further, although not shown in the fig- 
ures, floating gate electrodes exist under the control 
gate electrodes in practice. 

[0188] By representing the NOR type flash memory 
shown by the circuit diagram of Fig. 13A as an actual 
element pattern, it becomes as shown in Rg. 13B. Each 
symbol used corresponds to that of Fig. ISA. 
[01 89] It is possible to implement the constitution of 
Embodiment 9 by freely combining it with the constitu- 
tion of any of embodiments 1 to 8. 

Embodiment 1 0 

[0190] A circuit structure of a non-volatile memory, 
which can form the memory section in the present 
invention, Is explained in Embodiment 10. Specifically, 
an explanation is made using Figs. 14A and 14B of the 
use of an NAND type flash memory as the memory sec- 
tion 706 in the liquid crystal display device (liquid crystal 
module) shown in Fig. 7. Note that only two sectors of 
eight memory transistors connected in parallel are 
shown In Figs. 14A and 14B, but it is not necessary to 
limit the structure to this. 

[0191] In Rg. 14A, two selection transistors 51 and 
52. and eight memory transistors 56 to 63 are con- 
nected to a bit wiring 55 denoted by reference numeral 
Bl . Reference numeral B2 is similar. Further, the selec- 
tion transistors 51 and 52 are controlled by selection 
gate wirings 53 and 54, respectively, shown by refer- 
ence numerals SI and S2, and the respective memory 
transistors 56 to 63 are controlled by word wirings 64 to 
71 , denoted by reference numerals W1 to W8, as con- 
trol gate electrodes. 

[0192] Note that throughout this specification, the 
region of the word wirings which overlaps an active 
layer of a TFT, in particular, is referred to as a control 
gate electrode. Further, although not shown in the fig- 
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ures, floating gate electrodes exist under the control 
gate electrodes in practice. 

[0193] By representing the NAND type flash mem- 
ory shown by the circuit diagram of Fig. 14A as an 
actual element pattern, it becomes as shown in Fig. 
1 4B. Each symbol used corresponds to that of Fig. 14A. 
[0194] It is possible to implement the constitution of 
Embodiment 10 by freely combining it with the constitu- 
tion of any of embodiments 1 to 8. Furthenmore, the 
memory section can be formed in combination with the 
NOR type flash memory shown in Embodiment 9. 

Embodiment 1 1 

[0195] A case of adding a a (gamma) compensation 
circuit to the electro-optical device of the present inven- 
tion as a signal processing circuit other than the mem- 
ory section, the driver circuit section, or the pixel 
section, is explained in Embodiment 1 1. 
[0196] Note that a y compensation circuit is a circuit 
which performs Y compensation. The term y compensa- 
tion is compensation by adding an appropriate voltage 
to the image signal in order to make a linear relationship 
between a voltage applied to a pixel electrode and the 
transmitted light strength of the liquid crystal or EL layer 
formed thereon. 

[0197] Fig. 1 5 is a block diagram of an active matrix 
substrate used in a liquid crystal display device (or in an 
EL display device) according to Embodiment 11. A 
source line driver circuit 76 and a gate line driver circuit 
77 are formed in the periphery of a pixel section 75, and 
in addition, a y compensation circuit 78 and a non-vola- 
tile memory (a flash memory in Embodiment 1 1) 79 are 
formed. Further, signals such as an image signal, a 
clock signal, and a synchronization signal are sent via 
an FPC (flexible printed circuit) 80. 
[0198] Compensation data in order to apply y com- 
pensation to an image signal sent from a personal com- 
puter or a television reception antenna is contained 
(stored) in the non-volatile memory 79, and the y com- 
pensation circuit 78 performs y compensation on the 
image signal by referencing the compensation data. 
[0199] The data for y compensation may be stored 
once before shipping the liquid crystal display device, 
but it is also possible to regularly rewrite compensation 
data. Further, even in liquid crystal display devices man- 
ufactured in the same way, there are cases in whk:h the 
liquid crystal optical response characteristics (such as 
the previous relationship between transmitted light 
strength and applied voltage) differ subtly. It is possible 
to store y compensation data which differs for each liq- 
uid crystal display device in this case as well, and it is 
possible to regularly obtain the same picture quality in 
Embodiment 1 1 . 

[0200] Note that when storing the compensation 
data for y compensation in the non-volatile memory 79, 
it is preferable to use the means described in Japanese 
Patent Application No. Hei 10-156696 by the applicant 
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of the present invention. Furthermore, an explanation 
related to y compensation Is contained in the above. 
[0201] Further, the compensation data stored in the 
non-volatile memory is a digital signal, and therefore it is 
5 preferable to form a D/A converter or an A/D converter 
on the same substrate when necessary. 
[0202] Note that it is possible to implement the con- 
stitution of Embodiment 11 by freely combining it with 
the constitution of any of embodinrients 1 to 10. 

Embodiment 12 

[0203] A case of adding a memory controller circuit 
to the electro-optical device of the present invention as 

T5 a signal processing circuit other than the memory sec- 
tion, the driver circuit section, or the pixel section, is 
explained in Embodiment 12. Note that the memory 
controller circuit is a controller circuit for controlling the 
storage and read-out operations of image data in a non- 
20 volatile memory. 

[0204] Fig. 1 6 is a block diagram of an active matrix 
substrate used in a liquid crystal display device (or in an 
EL display devrce) according to Embodiment 12. A 
source fine driver circuit 82 and a gate line driver circuit 

25 83 are formed in the periphery of a pixel section 81 , and 
in addition, a memory controller circuit 84 and a non- vol- 
atile memory (a flash memory in Embodiment 12) 85 
are formed. Further, signals such as an image signal, a 
clock signal, and a synchronization signal are sent via 

30 an FPC (flexible printed circuit) 86. 

[0205] An image signal sent from a personal com- 
puter or a television reception antenna is contained 
(stored) per frame In the non-volatile memory 85, and 
this image signal is in turn inputted into the pixel section 

35 for display. Image information for one frame of an image 
displayed. on the pixel section 81 is stored in the non- 
volatile memory 85. For example, when a 6-bit digital 
signal is sent as the image signal, it is necessary to 
have a memory capacity corresponding to the number 

40 of pixels times 6 bits. 

[0206] Note that the image data stored in the non- 
volatile memory is a digital signal, and therefore it is 
preferable to form a D/A converter or an A/D converter 
on the same substrate when necessary. 

45 [0207] By thus using the stmcture of Embodiment 
12, the image displayed on the pixel section 81 is regu- 
larly stored in the non-volatile memory 85. and opera- 
tions such as a temporary pause in the image can be 
easily be performed. In other words, by having the 

50 memory controller circuit 84 regularly send the image 
signal stored in the non-volatile memory 85 to the pixel 
section 81, it becomes possible to freely pause a televi- 
sion broadcast without recording it in a device such as a 
video deck. 

55 [0208] Further, an example of the storage of 1 
frame is shown in Embodiment 12. but provided that a 
memory capacity in the non-volatile memory 85 can be 
increased up to a level at which several hundred frames 
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or several thousands of frames of image information 
can be stored, then It becomes possible to replay the 
previous several seconds or several minutes of the 
image. 

[0209] Note that the constitution of Embodiment 1 2 
can be implemented by freely combining it with the con- 
stitution of any of embodiments 1 to 10. 

Embodiment 13 

[0210] In the manufacturing process examples 
shown in Embodiment 1 , there is a premise that the n- 
type impurity regions (b) are formed in advance, before 
forming the gate electrode of the n-channet TI=T. flihe 
manufacturing process is characterized in that the p- 
type impurity regions (a) and the n-type impurity regions 
(c) are then formed in a self-aligning manner. 
[0211] However, in order to obtain the effect of the 
present invention, the final structure should be lil<e the 
structure shown in Rg. 5C, and there are no limitations 
placed upon steps leading up to that structure. There- 
fore, the impurity region formation order may be suitably 
changed by the operator. Further, depending upon the 
circumstances, it is possible to form the p-type impurity 
regions (a) and the n-type impurity regions (c) by using 
a resist mask. In other words, as shown in Fig. 5C, so 
long as the final TFTs have structures which differ 
according to each circuit, any process order combina- 
tion may be employed. 

Embodiment 14 

[0212] It is possible to use the present invention in 
forming an interiayer insulating film on a conventional 
MOSFET and then forming a TFT on top of that. In other 
words, it is possible to realize a semiconductor device 
with a three-dimensional structure. 
[0213] Further, it is possible to use an SOI sub- 
strate such as SIMOX, Smart-Cut (a registered trade- 
mark of SOITEC Corporation), or ELTRAN (a registered 
trademark of Canon, Inc.) as the substrate, in addition, 
it is possible to use the single crystalline semiconductor 
thin film as an active layer. 

[0214] Note that it is possible to freely combine the 
constitution of Embodiment 14 with the constitution of 
any of embodiments 1 to 1 3. 

bmt?oaimeni 15 

[0215] It is possible to use various types of liquid 
crystal materials In a liquid crystal display device manu- 
factured in accordance with the present invention. The 
following can be given as examples of the above liquid 
crystal material: a TN liquid crystal; PDLC (polymer dis- 
persion liquid crystal): FLO (ferroelectric liquid crystal); 
AFLC (an antiferroelectric liquid crystal); and a mixture 
of FLO and AFLC (an antiferroelectric combination liq- 
uid crystal). 



[0216] For example, it is possible to use the liquid 
crystal materials disclosed in: Furue, H, et al., "Charac- 
teristics and Driving Scheme of Polymer-stabilized 
Monostable FLCD Exhibiting Fast Response Time and 

5 High Contrast Ratio with Gray-scale Capability," SID, 
1998; Yoshida, T, et al.. "A Full-color Thresholdless 
Antlfen'oelectric LCD Exhibiting Wide Viewing Angle 
with Fast Response Time," SID Digest, 841, 1997; Inui, 
S., et al., "Thresholdless antiferroelectricity in liquid 

10 crystals and its application to displays," J. Mater. 
Chem., 6(4), pp. 671-3. 1996; and US Patent Number 
5,594,569. 

[0217] In particular, among thresholdless antiferro- 
electric liquid cr/stals (abbreviated as TL-AFLC) that 

15 show etectro-optical response characteristics in which 
the transmissivity changes continuously with the electric 
field, ttiere are TL-AFLCs which show V-shape (or U- 
shape)-, electro-optical response characteristics, and 
those'which have a driver voltage on the order of ±2.5 V 

20 (a cell thickness of approximately 1 to 2 |Lun) stand out. 
Therefore, there are cases when the power supply volt- 
age used by the pixel circuit is in the range of 5 to 8 V, 
and this suggests that it is possible to operate the con- 
trol circuits and the pixel circuit by the same power sup- 

25 ply voltage. In other words, the entire liquid crystal 
display device can attain low power consumption. 
[0218] Further, ferroelectric liquid crystals and anti- 
ferroelectric liquid crystals possess the advantage of a 
fast response speed compared to TN liquid crystals. 

30 Extremely high speed operation TFTs are realized for 
the TFTs used by the present invention, and therefore it 
is possible to realize a liquid crystal display device with 
a fast image response speed which sufficiently makes 
use of the f6st response speed of the ferroelectric liquid 

35 crystals and the anti-ferroelectric liquid crystals. 

[0219] Furthermore, the spontaneous polarization 
of a thresholdless antiferroelectric mixed liquid crystal is 
large, in general, and the dielectric constant of the liquid 
crystal itself is high. Thus, a relatively large capacitance 

4o storage is necessary for the pixels when a thresholdless 
antiferroelectric mixed liquid crystal is used for a liquid 
crystal display device. Therefore it is desirable to use a 
thresholdless antiferroelectric mixed liquid crystal that 
has a small spontaneous polarization. For that reason, 

45 the capacitance storage shown by Fig. 1 of Embodi- 
ment 1 can store a large capacity by a small surface 
area, and this is preferable. 

[0220] Note that it l<?^ of course, effective to use the 
liquid crystal display device of Embodiment 15 as a dis- 
50 play for electronic equipment such as a personal com- 
puter. 

[0221] Further, it is possible to freely combine the 
constitution of Embodiment 15 with the constitution of 
any of embodiments 1 to 14. 

55 

Embodiment 16 

[0222] It is possible to apply the present invention to 
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an ac^ve matrix type EL (electroluminescence) display 
(also refen-ed to as an EL display device). An example 
of this is shown in Rg. 17. 

[0223] Fig. 17 is a circuit diagram of the active 
matrix type EL display of Emt)odiment 16. Reference 
numeral 91 denotes a display region, and an x-direction 
(source side) driver circuit 92 and a y-direction (gate 
side) driver circuit 93 are formed in the periphery of the 
display region. Further, each pixel of the display region 
91 has a switching TFT 94, a capacitor 95, a current 
control TFT 96, and an EL element 97, An x-direction 
signal line (source signal line) 98a (or 98b), and a y- 
direction signal line (gate signal line) 99a (or 99b or 99c) 
are connected to the switching TFT 94. Further, power 
source lines 100a and 100b are connected to the cur- 
rent control TFT 96. 

[0224] Note that the constitution of any of embodi- 
ments 1. 4. and 6 to 13 may be used for the active 
matrix type EL display of Embodiment 16. 

Embodiment 1 7 

[0225] An explanation of the example manufacture 
of an active matrix type EL (electro-luminescence) dis- 
play device using the present invention is given in 
Embodiment 17. Note that Fig. 18A is a top view, and 
that Rg. 1 SB is a cross sectional diagram, of the EL dis- 
play device of Embodiment 17. 

[0226] In Rg. 18A reference numeral 4001 denotes 
a substrate, 4002 denotes a pixel section, 4003 denotes 
a source side driver circuit, and 4004 denotes a gate 
side driver circuit Both driver circuits lead to an FPC 
(flexible printed circuit) 4006 through a wiring 4005, and 
thus connected to external equipment. 
[0227] A first sealing material 4101, a cover mate- 
rial 4102, a filler material 4103, and a second sealing 
material 4104 are formed so as to sun-ound the pixel 
section 4002, the source side driver circuit 4003, and 
the gate side driver circuit 4004. 

[0228] Further, Fig. 18B corresponds to a cross 
section of Fig. 18A taken along the line A-A', and a 
driver TFT (an n-channel TFT and a p-channel TFT are 
shown In the figures here, however) 4201 included in 
the source side driver circuit 4003, and a current control 
TFT (a TFT for controlling the electrical current to an EL 
element) 4202 included in the pixel section 4002 are 
formed on the substrate 4001 . 

[0229] In Embodiment 17. TFTs with the same 
structures as those of the n-channel TFT 302 and the p- 
channel TFT 303 of Fig. 1 are used in the driver TFT 

4201 , and a TFT with the same structure as the p-chan- 
nel TFT 303 of Rg. 1 is used in the current control TFT 

4202. Further, a memory section is formed on the same 
substrate, and a TFT with the same structure as the 
memory transistor 301 of Fig. 1 is used. In addition, a 
capacitance storage (not shown in the figures) con- 
nected to the gate of the cun-ent control TFT 4202 is 
fomned in the pixel section 4002. 
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[0230] An Interiayer insulating film (leveling film) 
4301 Is formed from a resin material on the driver TFT 
4201 and the pixel TFT 4202, and a pixel electrode 
(anode) 4302 electrically connected to the drain of the 

5 pixel TFT 4202 is formed on the interiayer insulating film 
4301 . A transparent conductive film with a large woric 
function is used as the pixel electrode 4302. An indium 
oxide and tin oxide compound, or an indium oxide and 
zinc oxide compound can be used as the transparent 

10 conductive film. 

[0231] An insulating film 4303 is then formed on the 
pixel electrode 4302, and an opening is formed in the 
insulating film 4303 over the pixel electrode 4302. An EL 
(electroluminescence) layer 4304 is fomned on the pixel 

15 electrode 4302 in the opening. The EL layer 4304 can 
be formed by a known organic EL material or a known 
inorganic EL material. Further, the known organic EL 
material falls into low molecular weight type (monomer 
type) materials and high molecular weight type (poly- 

20 mer) materials exist, and either may be used. 

[0232] A known evaporation technique or applica- 
tion technique may be used as a formation method of 
the EL layer 4304. Further, the EL layer structure m^ 
be a single layer structure, or a freely combined lami- 

25 nate structure, of the following: a hole injection layer, a 
hole transport layer, an illumination layer, an electron 
transport layer, or an electron injection layer. 
[0233] A cathode 4305 is then fomned on the EL 
layer 4304 from a conductive film having light shielding 

30 properties (typically a conductive film with aluminum, 
copper, or silver as its principal constituent, or a lami- 
nate film of one of these and another conductive film). 
Furthermore, It Is preferable to remove as much as pos- 
sible the moisture and oxygen which exists In the 

35 boundary of the cathode 4305 and the EL layer 4304. 
Therefore, it is necessary to deposit both in succession 
in a vacuum, or to form the EL layer 4304 in a nitrogen 
or noble gas atmosphere, and then form the cathode 
4305 without exposure to oxygen or moisture. The 

40 above type of film deposition is possible in Embodiment 
17 by using a multi-chamber type (cluster tool type) 
deposition device. 

[0234] The cathode 4305 is then electrically con- 
nected to the wiring 4005 in the region denoted by refer- 

45 ence numeral 4306. The wiring 4005 is a wiring for 
providing a predetermined voltage to the cathode 4305, 
and is electrically connected to the FPC 4006 through 
an oriented conductive film 4307. 
[0235] The EL element is thus formed from the pixel 

50 electrode (anode) 4302, the EL layer 4304, and the 
cathode 4305. The EL element is surrounded by the first 
sealing material 4101 and the cover material 4102 
which is joined to the substrate 4001 by the first sealing 
material 4101. and is enclosed by the filler material 

55 4103. 

[0236] A glass material, a metallic material (typi- 
cally stainless steel), a ceramic material, and a plastic 
material (including a plastic film) can be used as the 
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covering material 4102. An FRP (fibergiass-reinforced 
piastic) piate, a PVF (polyvinyl fluoride) film, a Mylar 
film, a polyester film, or an acrylic resin film can be used 
as the plastic material. Further, a sheet with a structure 
of aluminum foil sandwiched k)y a PVF film or a Mylar 
film can also be used. 

[0237] However, when the light radiation direction 
from the EL element is toward the covering material 
side, then the covering material must be transparent. In 
that case, a transparent substance such as a glass 
plate, a plastic plate, a polyester film, or an acrylic film is 
used. 

[0238] Furthermore, an ultraviolet light hardened 
resin or a thermally hardened resin can be used as the 
filler material 4103, and PVC (polyvinyl chloride), 
acrylic, polyimide, epoxy resin, silicone resin, PVB (pol- 
yvinyl butyral), and EVA (ethylene vinyl acetate can be 
used. If a moisture absorbent substance (preferably 
barium oxide) is formed in the inside of the filler material 
4103. then deterioration of the EL element can be sup- 
pressed. 

[0239] Further, spacers may be included within the 
filler material 41 03. If the spacers are formed by barium 
oxide, then it is possible to give moisture absoriDency to 
the spacers themselves. Further, when forming spac- 
ers, it is effective to form a resin film on the cathode 
4305 as a buffer layer relieving pressure from the spac- 
ers. 

[0240] The wiring 4005 is electrically connected to 
the FPC 4006 through the oriented conductive film 
4307. The wiring 4005 transmits the signals once sent 
to the pixel section 4002, the source side driver circuit 
4003, and the gate side driver circuit 4004, to the FPC 
4006, and is electrically connected with external equip- 
ment by the FPC 4006. 

[0241] Further, in Embodiment 1 7 the second seal- 
ing material 4104 is formed so as to cover the exposed 
portion of the first sealing material 41 01 and a portion of 
the FPC 4006, and this becomes a structure in which 
the EL element rs thoroughly shielded from the atmos- 
phere. An EL display device having the cross sectional 
structure of Fig. 18B is thus obtained. Note that the EL 
display device of Embodiment 17 may be manufactured 
by combining the constitutions of any of embodiments 
1, 4, 6to 13, and 16. 

[0242] A more detailed cross sectional structure of 
the pixel section is shown here in Fig, 19, and a top 
structure is shown in Fin. POA. while « circuit diagram is 
shown in Fig. 20B. Common symbols are used in Fig. 
1 9, Fig. 20A, and Frg. 20B, and therefore the figures 
may be referenced together. 

[0243] In Fig. 1 9, a switching TFT 4402 fomned on 
the substrate 4401 is fonned using the n-channel TFT 
304 formed in the pixel section of Fig. 1 . Therefore, the 
explanation of the n-channel TFT 304 may be refer- 
enced for an explanation of the structure of the switch- 
ing TFT 4402. Further, a wiring denoted by reference 
numeral 4403 is a gate wiring for electrically connecting 



gate electrodes 4404a and 4404b of the switching TFT 
4402. 

[0244] Note that a double gate structure, in which 
two channel forming regions are fomned, is used in 

5 Embodiment 17. but a single gate structure having one 
channel forming region formed, or a triple gate structure 
in which three are formed may also be used. 
[0245] Furthermore, a drain wiring 4405 of the 
switching TFT 4402 is electrically connected to the gate 

10 electrode 4407 of a cun-ent control TFT 4406. Note that 
the cun-ent control TFT 4406 is formed using the p- 
channel TFT 303 of Fig. 1 . Therefore, the explanation of 
the p-channel TFT 303 may be referenced for an expla- 
nation of the structure of the current control TFT 4406. 

75 Note that although a single gate structure is used in 
Embodiment 17, a double gate structure or a triple gate 
structure may also be used. 

[0246] A first passivation film 4408 is formed on the 
switching TFT 4402 and the current control TFT 4406, 

20 and a leveling film 4409 is formed on the passivation 
film 4408 from a resin. It is extremely important to level 
step changes in the TFTs by using the leveling film 
4409. An EL layer which is fomned later is extremely 
thin, and therefore there are cases of poor lumines- 

25 cence due to the existence of a step. Consequently, it is 
preferable to perfomn leveling before fonning a pixel 
electrode so that the EL layer can be formed on as level 
a surface as possible. 

[0247] Reference numeral 4410 denotes a pixel 
30 electrode (EL element anode) made from a transparent 
conductive film, and the pixel electrode is electrically 
connected to a drain wiring 4410 of the cun-ent control 
TFT 4406. A conductive film made from a material such 
as an indium oxide and tin oxide compound, or'an 
35 indium oxide and zinc oxide compound, can be used as 
the pixel electrode 441 0. 

[0248] An EL layer 441 2 is formed on the pixel elec- 
trode 4410. Note that although only one pixel is shown 
in Fig. 1 9, in Embodiment 1 7 the EL layer is divided to 

40 correspond to the colors R (red), G (green), and B 
(blue). Further, a low molecular weight organic EL mate- 
rial is formed by an evaporation method in Embodiment 
17. Specifically, it is a laminate structure of a 20 nm thick 
copper phthalocyanine (CuPc) film formed as a hole 

45 injection layer, and a 70 nm thick tris-8-quinolinolate alu- 
minum complex (Alqs) film formed on top as a lumines- 
cence layer. By doping a fluorescent pigment into AIqs, 
tho r^r\\f\r nf li^ht smittsc! CHf! bs ccrstrcllcd. 
[0249] However, the above example is one example 

50 of an organic EL material which can be used as the EL 
layer, and it is not necessary to place any limitations on 
this. An EL layer (a layer for performing luminescence 
and carrier movement for luminescence) may also be 
formed by freely combining a luminescence layer, a 

55 charge cannier layer, and a charge injection layer. For 
example, the example shown in Embodiment 17 is one 
using a low molecular weight organic EL material as the 
EL layer in Embodiment 1 7, but a high molecular weight 
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EL material may also be used. Further, it is possible to 
use an inorganic material such as silicon carbide as a 
charge carrier layer or a charge injection layer. Known 
materials can be used as these organic EL materials 
and inorganic EL materials. 

[0250] A cathode 4413 Is formed next on the EL 
layer 4412 from a conductive film having light shielding 
characteristics. In Embodiment 17, an alloy film of alu* 
minum and lithium is used as the light shielding conduc- 
tive film. Of course, a known MgAg film (an alloy film of 
magnesium and silver) may also be used. A conductive 
film made from an element residing in periodic table 
group 1 or group 2, or a conductive film doped with a 
group 1 or group 2 element, may be used as the cath- 
ode material. 

[0251] An EL element 441 4 is thus completed at the 
point where the cathode 441 3 is formed. Note that the 
EL element 4414 used here specifies a capacitor 
formed by the pixel electrode (anode) 441 0. the EL layer 
4412, and the cathode 4413. 

[0252] An explanation of the top structure of the 
pixel in Embodiment 17 is made next using Rg. 20A. 
The switching TFT 4402 source is connected to a 
source wiring 4415, and its drain is connected to the 
drain wiring 4405. Further, the drain wiring 4405 is elec- 
trically connected to the gate electrode 4407 of the cur- 
rent control TFT 4406. In addition, the source of the 
cun'ent control TFT 4406 is electrically connected to an 
electric current supply line 4416, and its drain is electri- 
cally connected to a drain wiring 4417. The drain wiring 
4417 is electrically connected to a pixel electrode 
(anode) 4418 shown by a dotted line. 
[0253] A capacitance storage is formed at this point 
in the region shown by reference numeral 4419. A 
capacitance storage 4419 is formed between a semi- 
conductor film 4420 which is electrically connected to 
the electric current supply line 4416, an insulating film 
(not shown in the figures) on the same layer as the gate 
insulating film, and the gate electrode 4407. Further- 
more, it is possible to use a capacitance formed by the 
gate electrode 4407, an insulating film (not shown in the 
figures) on the same layer as the first interiayer insulat- 
ing film, and the electric current supply line 4416 as a 
capacitance storage. 

[0254] Note that it is possible to implement the con- 
stitution of Embodiment 17 by freely combining it with 
the constitution of any of embodiments 1 . 4, 6 to 13, and 
16. 

Embodiment 1 8 

[0255] An EL display device having a pixel structure 
which differs from that of Embodiment 1 7 is explained in 
Embodiment 1 8. Fig. 21 is used in the explanation. Note 
that Embodiment 17 may be refen'ed to for an explana- 
tion of sections having symbols which are the same as 
those of Fig. 19. 

[0256] A TFT with the same structure as the n- 



channel TFT 302 of Fig. 1 is used as a current control 
TFT 4501 in Fig. 21 . A gate electrode 4502 of the cur- 
rent control TFT 4501 is of course connected to the 
drain wiring 4405 of the switching TFT 4402. Further, a 
5 drain wiring 4503 of the current control TFT 4501 is 
electrically connected to a pixel electrode 4504. 
[0257] If the voltage applied to an EL element 
becomes 10 V or greater, then the deterioration due to 
the hot carrier effect becomes conspicuous, and there- 
to fore it is effective to use a TFT having the same struc- 
ture as the n-channel TFT 302 of Rg. 1 as the current 
control TFT 4601. Further, provided that the voltage 
applied to the EL element is 10 V or less, then deterio- 
ration due to the hot carrier effect does not become 
f 5 much of a problem, and therefore a TFT with a structure 
in which the LDD region 1 14 is omitted from the n-chan- 
nel TFT 302 may be used. 

[0258] In Embodiment 1 8, the pixel electrode 4504 
function as a cathode of the EL element, and is formed 

20 using a conductive film having light shielding character- 
istics. Specifically, an alloy film of aluminum and lithium 
is used, but a conductive film made from an element 
residing in periodic table group 1 or group 2, or a con- 
ductive film doped with a group 1 or group 2 element, 

25 may also be used. 

[0259] An EL layer 4505 is formed on the pixel elec- 
trode 4504. Note that only one pixel is shown in Rg. 21 , 
and in Embodiment 1 8 an EL layer con-esponding to G 
(green) is formed by an evaporation method or an appli- 

30 cation method (preferably a spin coating method). Spe- 
cifically, a laminate structure of a 20 nm thick lithium 
fluoride (LiF) film formed as an electron injection layer, 
and a 70 nm thick PPV (polyparaphelene vinyl) film 
formed on top as a luminescence layer, is used. 

35 [0260] An anode 4506 made of a transparent con- 
ductive film is formed next on the EL layer 4505. A con- 
ductive film made from a compound such as an indium 
oxide and tin oxide compound, or an indium oxide and 
zinc oxide compound, is used in Embodiment 1 8. 

40 [0261 ] An EL element 4507 is thus completed at the 
point where the anode 4506 is formed. Note that the EL 
element 4507 used here specifies a capacitor formed by 
the pixel electrode (cathode) 4504, the EL layer 4505, 
and the anode 4506. 

45 [0262] Note that the current control TFT 4501 of 
Embodiment 1 8 is so constructed that a parasitic capac- 
ity called a gate capacitor is formed between the gate 
electrode 4502, and LDD regions 4509a and 4509b. By 
regulating the gate capacitor, it is possible to give it the 

so same function as the capacitance storage 4418 shown 
in Figs. 20A and 20B. In particular, when the EL display 
device is operated in a digital driving manner, the 
capacitance of the capacitance storage is smaller than 
when the EL display device is operated in an analog 

55 driving manner, and therefore the capacitance storage 
can be substituted by the gate capacitor. 
[0263] Note that it is possible to implement the con- 
stitution of Embodiment 1 B by freely combining it with 
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the constitution of any of emtjodiments 1 , 4, 6 to 1 3. and 
16, 

Embodiment 19 

[0264] In Embodiment 19, examples of the pixel 
structure of the EL display device shown in Embodiment 
17 or Embodiment 18 are shown in Figs. 22A to 22C. 
Note that in Embodiment 19, reference numeral 4601 
denotes a source wiring of a switching TFT 4602, refer- 
ence numeral 4803 denotes a gate wiring of the switch- 
ing TFT 4602. reference numeral 4604 denotes a 
current control TFT, 4605 denotes a capacitor, 4606 and 
4608 denote electric current supply lines, and 4607 
denotes an EL element 

[0265] Fig. 22A is an example of a case in which the 
electric current supply line 4606 is common between 
two pixels. Namely, this is characterized in that the two 
pixels are formed having linear symmetry around the 
electric cunrent supply line 4606. In this case, the 
number of electric current supply lines can be reduced, 
and therefore the pixel section can be made even more 
high definition. 

[0266] Further, Fig. 22B is an example of a case in 
which the electric cun-ent supply line 4608 is formed 
parallel to the gate wiring 4603. Note that in Fig. 22B, 
the structure is fornied such that the electric cun-ent 
supply line 4608 and the gate wiring 4603 do not over- 
tap, but provided that both are wirings formed on differ- 
ent layers, then they can be formed to overlap through 
an insulating film. In this case, the exclusive surface 
area of the electric current supply line 4608 and the 
gate wiring 4603 can be shared, and the pixel section 
can be made even more high definition. 
[0267] Furthenmore, Fig. 22C is characterized in 
that the electric current supply line 4608 and the gate 
wiring 4603 are formed in parallel, similar to the struc- 
ture of Fig. 22B, and additionally, in that the two pixels 
are formed so as to have linear symmetry around the 
electric current supply line 4608. In addition, it is effec- 
tive to form the electric current supply line 4608 so as to 
overiap with one of the gate wirings 4603. In this case, 
the number of electric current supply lines can be 
reduced, and therefore the pixel section can be made 
even more high definition. 

Embodiment 20 

[0268] In embodiment 20. examples of the pixel 
structure of the EL display device shown in Embodiment 
17 or Embodiment 18 are shown in Figs. 23A and 238. 
Note that in embodiment 20, reference numeral 4701 
denotes a source wiring of a switching TFT 4702, refer- 
ence numeral 4703 denotes a gate wiring of the switch- 
ing TFT 4702, reference numeral 4704 denotes a 
cun-ent control TFT, reference numeral 4705 denotes a 
capacitor (it is possible to omit the capacitor), reference 
numeral 4706 denotes an electric cunrent supply line. 



4707 denotes a power supply control TFT, reference 
numeral 4709 denotes a power supply control gate wir- 
ing, and reference numeral 4708 denotes an EL ele- 
ment. Japanese Patent Application No. Hei 11-341272 
5 may be referred to regarding the operation of the power 
supply control TFT 4707. 

[0269] Further, the power supply control TFT 4707 
is formed between the current control TFT 4704 and the 
EL element 4708 in embodiment 20, but a structure in 

10 which the cun-ent control TFT 4704 is fonned between 
the power supply TFT 4707 and the EL element 4708 
may also be used. Furthermore, it is preferable to either 
make the power supply control TFT 4707 with the same 
structure as the current control TFT 4704, or to form 

15 then in series on the same active layer. 

[0270] Fig. 23A is an example of a case in which the 
electric current supply line 4706 is common between 
two pixels. Namely, this is characterized in that the two 
pixels are fomned having linear symmetry around the 

20 electric current supply line 4706. In this case, the 
nunnber of electric current supply lines can be reduced, 
arid therefore the pixel section can be made even more 
high definition. 

[0271] In addition, Fig. 23B is an example of a case 
25 in which an electric current supply line 471 0 is fomned 
parallel to the gate wiring 4703, and in which a power 
supply control gate wiring 471 1 is formed parallel to the 
source wiring 4701 . Note that in Rg. 23B, the structure 
is formed such that the electric current supply line 4710 
30 and the gate wiring 4703 do not overiap, but provided 
that both are wirings formed on different layers, then 
they can be formed to overlap through an insulating film. 
In this case, the exclusive surface area of the electric 
current sup'ply line 4710 and the gate wiring 4703^ can 
35 be shared, and the pixel section can be made even 
more high definition. 

Embodiment 21 

40 [0272] In embodiment 21, examples of the pixel 
structure of the EL display device shown in Embodiment 
1 7 or Embodiment 1 8 are shown in Figs. 24A and 24B. 
Note that in Embodiment 21, reference numeral 4801 
denotes a source wiring of a switching TFT 4802, refer- 

45 ence numeral 4803 denotes a gate wiring of the switch- 
ing TFT 4802. reference numeral 4804 denotes a 
current control TFT, 4805 denotes a capacitor (it is pos- 
sible to omit the capacitor), 4806 denotes an ftl^rtrin 
current supply line, 4807 denotes an erasure TFT, 4808 

50 denotes an erasure gate wiring, and 4809 denotes an 
EL element. Japanese Patent Application Laid-open 
No. Hei 11-338786 may be referred to regarding the 
operation of the erasure TFT 4807. 
[0273] The drain of the erasure TFT 4807 is con- 

55 nected to a gate of the current control TFT 4804, and it 
becomes possible to forcibly change the gate voltage of 
the cunrent control TFT 4804. Note that the erasure TFT 
4807 may be used for an n-channel TFT or a p-channel 
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TFT, but it preferably has the same structure as the 
switching TFT 4802 so that the off current can be made 
smaller. 

[0274] Rg. 24A is an example of a case in which the 
electric current supply line 4806 is common between 
two pixels. Namely* this is characterized in that the two 
pixels are formed having linear symmetry around the 
electric current supply line 4806. In this case, the 
number of electric current supply lines can be reduced, 
and therefore the pixel section can be made even more 
high definition. 

[0275] In addition. Fig. 24B is an example of a case 
in which an electric current supply line 4810 is formed 
parallel to the gate wiring 4803, and in which an erasure 
gate wiring 481 1 is formed parallel to the source wiring 
4801 . Note that in Fig. 24B, the structure is fomned such 
that the electric current supply line 4810 and the gate 
wiring 4803 do not overiap, but provided that both are 
wirings formed on different layers, then they can be 
formed to overlap through an insulating film. In this 
case, the exclusive surface area of the electric current 
supply line 4810 and the gate wiring 4803 can be 
shared, and the pixel section can be made even more 
high definition. 

Embodiment 22 

[0276] The EL display device according to the 
present invention may have a structure in which a pixel 
may include any numbers of TFTs formed therein. 
Embodiments 20 and 21 each show an example in 
which three TFTs are fomned in the pixel. However, four 
to six TFTs may be formed therein. The present inven- 
tion may be embodied without being limited to the struc- 
ture of the EL display device 

Embodiment 23 

[0277] The electro -optical device and the semicon- 
ductor circuit according to the present invention can be 
used for a display section or a signal processing circuit 
of electric equipment. As such electric equipment, there 
are enumerated: video cameras; digital cameras; pro- 
jectors; projection televisions; goggle type displays 
(head mount displays) navigation systems; acoustic 
reproduction devices: acoustic reproduction devices; 
note-type personal computers; game equipments; port- 
able infomnation terminals (such as mobile computers; 
portable telephones; portable-type game equipment 
and electronic books); and image reproduction devices 
having a recording medium. Specific examples thereof 
are shown in Figs. 25A to 27B. 

[0278] Fig. 25A is a portable telephone, and is com- 
posed of a main body 2001. a sound output section 
2002, a sound input section 2003, a display section 
2004. operation switches 2005, and an antenna 2006. 
The electro-optical devices of the present invention can 
be applied to the display section 2004, and the semi- 



conductor circuit of the present invention can be applied 
to the sound output section 2002, the sound input sec- 
tion 2003, CPU, memories, or the like. 
[0279] Fig. 25B is a video camera, and is composed 

5 of a main body 2101, a display section 2102, a sound 
input section 2103, operation switches 2104, a battery 
2105. and an image receiving section 2106. The elec- 
tro-optical devices of the present invention can be 
applied to the display section 2102, and the semicon- 

10 ductor circuit of the present invention can be applied to 
the sound input section 2103, CPU, memories, or the 
like. 

[0280] Rg 25C is a mobile computer, and is com- 
posed of a main body 2201 , a camera section 2202, an 

15 image receiving section 2203, operation switches 2204, 
and a display section 2205. The electro-optical devices 
of the present invention can be applied to the display 
section 2205. and the semiconductor circuit of the 
present invention can be applied to CPU. memories, or 

20 the like. 

[0281] Fig. 25D is a goggle type display, and is 
composed of a nnain body 2301 , a display section 2302, 
and an arm section 2303. The electro-optical devices of 
the present invention can be applied to the display sec- 

25 tion 2302, and the semiconductor circuit of the present 
invention can be applied to CPU, memories, or the like. 
[0282] Fig. 25E is a rear type projector (projection 
television), and is composed of a main body 2401 , a 
light source 2402, a liquid display device 2403, polariz- 

30 ing beam splitter 2404, reflectors 2405 and 2406, and a 
screen 2707. The present invention can be applied to 
the liqukJ display device, and the semiconductor circuit 
of the present invention can be applied to CPU, memo- 
ries, or the like./ 

35 [0283] Fig. 25F is a front type projector, and is com- 
posed of a main body 2501 , a light source 2502, a liquid 
crystal display device 2503, an optical system 2504 and 
a screen 2505. The present invention can be applied to 
the liquid crystal display device 2503. and the semicon- 

40 ductor circuit of the present invention can be applied to 
CPU, memories, or the like. 

[0284] Fig. 26A is a personal computer, and is com- 
posed of a main body 2601, an image input section 
2602, a display section 2603, a keyboard 2604, etc. The 
45 electro-optical device of the present invention can be 
applied to the display section 2603, and the semicon- 
ductor circuit of the present invention can be applied to 
CPU, memories, or the like. 

[0285] Fig. 26B is an electronic game equipment (a 
50 game equipment) including a main body 2701 , a record- 
ing medium 2702, a display section 2703, and a control- 
ler 2704. The voice and the image outputted from the 
electronic game equipment are reproduced in the dis- 
play having a body 2705 and a display section 2706, As 
55 communication means between the controller 2704 and 
the main body 2701 or the electronic game equipment 
and the display, wired communication, wireless commu- 
nication or optical communication may be used. In this 
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embodiment, there is employed such a structure that an 
Infrared radiation is detected with sensor portions 2707 
and 2708. The electro-optical device of the present 
invention can be applied to the display sections 2703 
and 2706, and the semiconductor circuit of the present 
invention can be applied to CPU, memories, or the like. 
[0286] Fig 26C is a player (image reproduction 
device) which uses a recording medium on which a pro- 
gram is recorded (hereafter referred to simply as a 
recording medium), and is composed of a main body 
2801 , a display section 2802, a speaker section 2803, a 
recording medium 2804 and operation switches 2805. 
Note that a DVD (digital versatile disk), CD, or the like is 
used as a recording medium for this device, and that 
music appreciation, film appreciation, games, and the 
Internet can be carried out therewith. The present 
invention can be applied to display section 2802, CPU, 
memories or the like. 

[0287] Fig. 26D is a digital camera, and is com- 
posed of a main body 2901, a display section 2902, an 
eyepiece section 2903, operation switches 2904, and 
an image receiving section (not shown). The electro- 
optical equipment according to the present invention 
can be applied to the display section 2902, CPU, mem- 
ories or the like. 

[0288] The detailed description of an optical engine 
that is applicable to the rear-type projector of Fig. 25E 
and the front-type projector of Fig. 25F is shown in Fig. 
27A and 27B. Fig. 27A is an optical engine and Rg. 27B 
is an optical light source system incorporated to the 
optical engine. 

[0289] The optical engine shown in Fig. 27A con- 
sists of an optical light source system 3001, mirrors 
3002 and 3005 to 3007, dichroic minors 3003 and 3004, 
optical lenses 3008a to 3008c, a prism 3011, a liquid 
crystal display section 3010, and an optical projection 
system 3012. The optical projection system 3012 is 
composed of an optical system provided with a projec- 
tion lens. This embodiment shows an example of a 
three plate type in which three liquid crystal display sec- 
tion 3010 is used, but a single plate type may be 
employed in place thereof. Further, in the optical path 
indicated by an arrow in Fig. 27A, there may be pro- 
vided an optical lens, a film having a polarization func- 
tion, a film to regulate the phase difference, IR films, etc. 
[0290] As shown in Fig. 27B, the optical light source 
system 3001 includes light sources 3013 and 3014, a 
compound prism 3015. collimator lenses 3016 and 
3020, lens arrays 301 7 and 301 8, and a polarizing con- 
version element 3019. Note that the optical light source 
system shown in Fig. 278 uses two light sources, but a 
single light source is acceptable. Three or more light 
sources may be used. Further, in some place of the light 
path of the optical light source system, optical lenses, a 
film having polarization function, a film to regulate the 
phase difference, IR films, etc., may be provided. 
[0291] As described above, an applicable range of 
the present invention is extremely wide, and hence it 



can be applied to electronic equipment In any fields. 
Further, the manufacture of the electronic equipment of 
this embodiment can be realized by using a structure in 
combination with any of embodiments 1 to 22. 

5 [0292] By using the present invention, it becomes 
possible to arrange on the same substrate TFTs having 
the appropriate performance in response to the specifi- 
cation required by circuits and element, and the opera- 
tional performance and the reliability of an electro- 

10 optical device can be greatly increased. 

[0293] Further, in addition to a pixel section and a 
driver circuit section, a memory section can be formed 
on the same substrate, and therefore the performance 
of the electro-optical device can be greatly increased- In 

IS addition, it is possible to realize a great expansion in the 
uses of electronic equipment having the above electro- 
optical device as a display (display section), and high 
performance operation and high reliability can also be 
realized. 

20 

Claims 

1. An electro-optical device comprising: 

25 a driver circuit section having an n-channel 

TFT in which a portion of an LDD region, or the 
entire LDD region, is fonmed so as to overlap a 
gate electrode with a gate insulating film sand- 
wiched therebetween; 

30 a pixel section having a pixel TFT in which an 

LDD region is formed so as not to overlap a 
gate electrode with the gate insulating film 
sandwiched therebetween; and 
a memory section having a memory transistor, 

35 wherein 

said driver circuit section, said pixel section 
and said memory section are formed over a 
same insulator. 

40 2, A device according to claim 1 , wherein 

an n-type impurity element is contained in said 
LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
45 memory transistor, at a same concentration, 

and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 
tration lower than that at which said n-type 
so impurity element is contained in said LDD 

region of said n-channel TFT, and in said LDD 
region contained in said active layer of said 
memory transistor 

55 3. A device according to claim 1 , wherein an EL ele- 
ment is formed in said pixel section. 

4. Electronic equipment having the electro-optical 
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device aocorcfing to claim 1 as a display section. 

5. An electro-optical device comprising: 

a driver circuit section having an n-channel 
TFT in which a portion of an LDD region, or the 
entire LDD region, is formed so as to overlap a 
gate electrode with a second gate insulating 
film sandwiched therebetween; 
a pixel section having a pixel TFT in which an 
LDD region is fonned so as not to overlap a 
gate electrode with said second gate insulating 
film sandwiched therebetween; and 
a memory section having a memory transistor 
containing an active layer, a first gate insulating 
film, a floating gate electrode, a third gate insu- 
lating film, and a control gate electrode, 
wherein 

said driver circuit section, said pixel section 
and said memory section are formed over a 
same insulator. 

6. A device according to claim 5, wherein 

an n-type impurity element is contained in sard 
LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
memory transistor, at a same concentration, 
and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 
tration lower than that at which said n-type 
impurity element is contained in said LDD 
region of said n-channel TFT, and in said LDD 
region contained in said active layer of said 
memory transistor. 

7. A device according to claim 5, wherein the film 
thickness of the first gate insulating film is thinner 
than the film thickness of the second gate insulating 
film, 

8. A device according to claim 5, wherein an EL ele- 
ment is formed in said pixel section. 

9. Electronic equipment having the electro-optical 
device according to claim 5 as a display section. 

10. An electro-optical device comprising: 

a driver circuit section having an n-channel 
TFT in which a portion of an LDD region, or the 
entire LDD region, is formed so as to overlap a 
gate electrode with a second gate insulating 
film sandwiched therebetween; 
a pixel section having a pixel TFT in which an 
LDD region is formed so as not to overlap a 
gate electrode with said second gate insulating 
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film sandwiched therebetween; and 
a memory section having a memory transistor 
containing an active layer, a first gate insulating 
film, a floating gate electrode, a third gate insu- 
lating film, and a control gate electrode, 
wherein 

said driver circuit section, said pixel section 
and said memory section are formed over a 
same insulator, and wherein 
said third gate insulating film covers said gate 
electrode of said n-channel TFT and said gate 
electrode of said pixel TFT. 

11. A device according to claim 10, wherein 

an n-type impurity element is contained in said 
LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
memory transistor, at a same concentration, 
and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 
tration lower than that at which said n-type 
impurity element is contained in said LDD 
region of said n-channel TFT, and in said LDD 
region contained in saki active layer of said 
memory transistor. 

12. A device according to claim 10, wherein the film 
thickness of the first gate insulating film is thinner 
than the film thickness of the second gate insulating 
film. 

13. A device according to claim 10, wherein an EL ele- 
ment is formed in said pixel section. 

14. Electronic equipment having the electro-optical 
device according to claim 10 as a display section. 



40 15. An electro-optical devtee comprising: 

a driver circuit section having an n-channel 
TFT in which a portion of an LDD region, or the 
entire LDD region, is formed so as to overiap a 

45 gate electrode with a second gate insulating 

film sandwiched therebetween; 
a pixel section having a pixel TFT in which an 
LDD region is formed so as not to overiap a 
gate electrode with said second gate insulating 

50 film sandwiched therebetween; and 

a memory section having a memory transistor 
containing an active layer, a first gate insulating 
film, a floating gate electrode, a third gate insu- 
lating film, and a control gate electrode, 

55 wherein 

said driver circuit section, said pixel section 
and said memory section are formed over a 
same insulator, and wherein 
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safd floating gate electrode, said gate electrode 
of said n-channel TFT, and said gate electrode 
of said pixel TFT are made from a same mate- 
rial, and are covered by said third gate insulat- 
ing film. 

16. A device according to claim 15, wherein 

an n-type impurity element is contained in said 
LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
memory transistor, at a same concentration, 
and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 
tration lower than that at which said n-type 
impurity element is contained in said LDD 
region of said n-channel TFT, and in said LDD 
region contained in said active layer of said 
memory transistor. 
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17- A device according to claim 15, wherein the filnn 
thickness of the first gate insulating film is thinner 
than the film thickness of the second gate insulating 
film. ^5 

18. A device according to claim 15, wherein an EL ele- 
ment is fomned in said pixel section. 



19. Electronic equipment having the electro-optical 
device according to claim 15 as a display section. 

20- An electro-optical device comprising: 

a driver circuit section having an n-channel 
TFT in which a portion of an LDD region, or the 
entire LDD region, is formed so as to overlap a 
gate electrode with a second gate insulating 
film sandwiched therebetween; 
a pixel section having a pixel TFT in which an 
LDD region is formed so as not to overlap a 
gate electrode with said second gate insulating 
film sandwiched therebetween; and 
a memory section having a memory transistor 
containing an active layer, a first gate insulating 
film, a floating gate electrode, a third gate insu- 
lating film, and a control gate electrode. 

said driver circuit section, said pixel section 

and said memory section are formed over a 

same insulator, and wherein 

said thinj gate insulating film comprises an 

oxide of a material forming said floating gate 

electrode. 

21. A device according to claim 20, wherein 

an n-type impurity element is contained in said 



LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
memory transistor, at a same concentration, 
and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 
tration lower than that at which said n-type 
impurity element is contained in said LDD 
region of said n-channel TFT, and in said LDD 
region contained in said active layer of said 
memory transistor. 

22. A device according to claim 20, wherein the film 
thickness of the first gate insulating film is thinner 
than the film thickness of the second gate insulating 
film. 

23. A device according to claim 20. wherein an EL ele- 
ment is formed in said pixel section. 

24- Electronic equipment having the electro-optical 
device according to claim 20 as a display section. 

25. An electro-optical device comprising: 

a driver circuit section having an n-channel 
TFT in which a portion of an LDD region, or the 
entire LDD region, is formed so as to overlap a 
gate electrode with a second gate insulating 
film sandwiched therebetween; 
a pixel section having a pixel TFT in whteh an 
LDD region is formed so as not to overlap a 
gate electrode with said second gate insulating 
film sandwiched therebetween; and 
a memory section having a memory transistor 
containing an active layer, a first gate insulating 
film, a floating gate electrode, a third gate insu- 
lating film, and a control gate electrode, 
wherein 

said driver circuit section, said pixel section 
and said memory section are fomned over a 
same insulator, and wherein 
said floating gate electrode, said gate electrode 
of said n-channel TFT, and said gate electrode 
of said pixel TFT are made from a same mate- 
rial, and said third gate insulating film com- 
prises an oxide of a material forming said 
flnnti nn nate electrode. 



SO 26. A device according to claim 25, wherein 

an n-type impurity element is contained in said 
LDD region of said n-channel TFT, and in said 
LDD region contained in an active layer of said 
55 memory transistor, at a same concentration, 

and wherein 

said n-type impurity element is contained in 
said LDD region of said pixel TFT at a concen- 



30 



35 



40 



4S 



27 



53 



EP 1 045 447 A2 



tration lower than that at which said n-type 
impuhty element is contained in said IDD 
region of said n-cheinnel TFT, and in said LDD 
region contained in said active layer of said 
memory transistor. 5 

27. A device according to claim 25, wherein the film 
thickness of the first gate insulating film is thinner 
than the film thiclcness of the second gate insulating 
film. 10 

28. A device according to claim 25, wherein an EL ele- 
ment is formed in said pixel section. 

29. Electronic equipment having the electro-optical is 
device according to claim 25 as a display section. 
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